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ABSTRACT  
Market participants engage in constant comparative assessment – of prices, available supplies, consumer options. Such 
implicit comparative assessment is a sine qua non for decision making in, and the smooth function of, competitive 
markets, but it is not always sufficient for policy makers who make decisions based on priorities other than or in 
addition to market prices. Supplementary mechanisms are needed to make explicit, to expose for consideration and to 
incorporate into their decision making processes, broader factors that are not necessarily reflected directly in the market 
price of a good or service. These would include, for example, employment, environment, national security or trade 
considerations. They would include long-term considerations, e.g., global warming or greatly diminished future 
supplies of oil and gas. This paper explores different applications of comparative assessment beyond the market, 
reviews different approaches for accomplishing such evaluations, and presents some tools available for conducting 
various types of extra-market comparative assessment, including those currently in use by Member States of the IAEA.  
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1 INTRODUCTION 
Comparative assessment is a simple concept, although its application has become more complicated over 
time. It may not always have been labelled “comparative assessment”, but it has nonetheless always been 
part of management practices. And even in its more sophisticated and complex forms – with numerous 
dimensions and changes over time – comparative assessment remains basically common sense decision 
making. Decisions are not made in a vacuum, or without some preferential basis. Comparing alternatives 
generally requires at least some information on which to base a decision, but “I like this one better” is 
already a form of simple comparative assessment. Every decision involves at least an implicit appraisal of 
the relative attractions or disadvantages of the available choices.  
Comparative assessment deals with options, alternatives and constraints – without them it is not needed. In 
most cases, comparative assessment attempts to identify optimal solutions in a domain of conflicting 
objectives. Moreover, comparative assessment is forward looking involving decisions about “what next”? 
Common decisions involving comparative assessment include purchase and investment decisions at all levels 
of the economy, but also choices about social, economic and environmental policy measures.  
In this paper we summarize briefly the basic features of market-based comparative assessments and then 
discuss key issues, analytic steps and illustrative examples for comparative assessments that go beyond the 
market. We also summarize analytic tools the International Atomic Energy Agency (IAEA) provides 
interested Member States to support comparative assessments beyond the market, how the IAEA tools are 
made available, and how they are used. 
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2 COMPARATIVE ASSESSMENT AND THE MARKET 
In a market context, decisions are made largely though not entirely on the basis of economics – costs, prices, 
supply options, demand prospects, regulatory and public policy constraints and risks. Market participants 
engage in constant comparative assessment – of relative prices and product quality, available supplies, 
potential markets, and consumer service options, and often most important, whether or not to participate in 
the market (to produce or consume, to buy or to sell) at all. Comparative assessment about one’s market 
participation – in degree or in kind - is generally a matter of informing oneself about, or observing, the price, 
quality and supply of available options and weighing one’s preferences. This form of comparative 
assessment is the implicit basis for decision making by producers and consumers in competitive markets and 
is an integral sine qua non for smooth market function.  
In energy markets, comparative assessment of prices, convenience and availability of supplies will inform or 
even govern not only choice of supplier for a given technology and associated fuel, but also technology 
substitution and inter-fuel choices. At a most basic level, a motorist may shop around for a low petrol price 
or a discount dealer. Motorists may also decide to drive or not drive, to own a car or not, to own a natural gas 
or solar powered vehicle. In markets being re-regulated to emulate competitive conditions, consumers of 
electricity or gas may be given a choice of suppliers, though perhaps not of distributor. But home owners 
may choose to have an all-electric house or to use gas for heating or cooking. In addition, home owners may 
choose to invest in efficiency improvements such as improved insulation to reduce fuel expenses over the 
longer term. 

3 COMPARATIVE ASSESSMENT BEYOND THE MARKET 
However, when decision making is taken out of the market context and structure, when decision makers try 
to evaluate something other than their own market participation, when they try to influence the market 
participation decisions of others, or when they reflect very long term considerations, then comparative 
assessment becomes more complex and not exclusively or even necessarily based on short term economic 
considerations within an existing electricity generating or energy system. In the energy field examples would 
include concerns about energy security, environmental protection including reducing climate change risks, 
employment and trade considerations, optimal resource utilization, and influencing production or 
consumption decisions through taxes and subsidies. This is the process that we explore in this paper: decision 
making in the energy system based on priorities other than costs and prices, and the need for comparative 
assessment beyond that which the market provides automatically.  
For policy analyses, it is essential for decision makers not to look at their non-market preferences in isolation 
from market forces, or apart from the preferences of others. This balancing of competing goals is the essence 
of political decision making. It should not and cannot be done thoughtfully without a comparative 
assessment of the available options and preferences. And this comparative assessment is a bit more complex 
than that which takes place implicitly in the market. Political considerations are driven by more than short 
term economic gains or consumer satisfaction, and may seek to include broader external factors or even to 
counterbalance real costs against unquantifiable if not intangible benefits. In this process, structured 
comparative assessment techniques can be invaluable. The following sections illustrate the process of 
comparative assessment using the energy system as an example.  

4 THE ENERGY SYSTEM 
Energy is indispensable for socio-economic development. However, energy production, conversion or use 
always generates undesirable by-products and emissions – at a minimum dissipated heat in the form of long-
wave radiation. Energy can be neither created nor destroyed, but it can be converted from one form into another. 
It is conserved and not consumed. Thus the same amount of energy entering a conversion process, say 
natural gas in a home furnace, also leaves the process – some 80 to 90 percent as desirable space heat or 
warm water, the rest as waste heat through the smoke stack or other routes. What is “consumed” is the ability 
of oil, gas, coal, uranium, biomass, solar energy or wind to produce useful work, and in the case of 
hydrocarbon fuels and uranium, the breakdown of the original fuel results in products of combustion, 
emissions and/or radioactive wastes. 
From the perspective of society, energy is not an end in itself. The purpose of the energy system is rather to 
meet societies’ demands for services such as cooking, illumination, comfortable indoor climate, refrigerated 
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storage, transportation, and information and for consumer and investment goods. People buy mobility, 
information, food, shelter, etc. – not energy per se. Thus consumers of modern energy services usually are 
“ignorant of” the original primary energy source from which they are derived. 
Providing adequate and affordable energy services is essential for sustainable economic development, 
improved human welfare, and higher standards of living. And without economic development, it is difficult 
to address the environmental challenges ahead, especially those associated with poverty. 
Figure 1 illustrates the generic architecture of the energy system as a series of linked stages connecting various 
energy conversion and transformation processes that ultimately provide goods and services. A number of 
examples are given for energy extraction, treatment, transmission/storage, conversion, distribution, end use (final 
energy), and energy services in the energy system. The technical means by which each stage is realized have 
evolved over time and will continue to do so. 

The current energy system comprises an energy (supply) sector and energy end use. The supply sector 
consists of a sequence of elaborate and complex processes for extracting energy resources, for converting 
these into more desirable and suitable forms of energy and for delivering energy to demand sites. The end-
use part of the energy system provides energy services such as cooking, illumination, comfortable indoor 
climate, refrigeration, transportation and investment and consumer goods.  
Modern energy services rely on manufactured or processed fuels with concentrated energy and sophisticated 
conversion equipment. In contrast, traditional energy services predominantly rely on unprocessed fuels close to 
their primary form and low (or no) technology conversion devices. Low technology energy conversion usually 
implies low efficiency and high pollution. Technologies that provide energy services by processing or 
consuming high-carbon fuels compromise climate stability. This points to technology as a critical link between 
the supply of energy services and environmental compatibility, access and affordability. Technology here refers 
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Figure 1:  Architecture of the energy system.  The examples are illustrative and by no means comprehensive. 
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to more than power plants, automobiles or refrigerators. It includes infrastructures such as the existing stock of 
residential and commercial energy-consuming buildings, roads and transportation systems – and how they fit 
together – as well as industrial plants and equipment. Technological options, moreover, are constrained not just 
by physics and engineering, but also by social and cultural preferences, legal and regulatory frameworks, capital 
availability, and investment in research and human capital. 
As is evident in Figure 1, a particular energy service can be supplied by various combinations of energy 
sources, fuels and technologies, i.e. source-to-service chains, that in the process generate different levels of 
greenhouse gas (GHG) emissions and other environmental pollution. Natural resource availability, 
economics, reliability, convenience, risks, infrastructure availability and, increasingly, environmental 
considerations are among the most important factors guiding investment decisions about particular source-to-
service chains. The variety of possible combinations shown in Figure 1 allows for flexibility and technical 
fixes in response to new requirements to limit, for example, climate change risks or other health and 
environmental impacts. But technical fixes, no matter how flexible, incur transition costs and may, if they 
involve substantial change or action, require long time horizons. These added costs and the possibly delayed 
effects of technical fixes are a prominent reason why climate protection has been more a matter of debate 
than action. 
The technology links of the energy system are continuously changing due to replacements of existing energy 
capital, innovation, expansion and growth, and also changes in consumer preferences and behaviour. Energy 
sector technologies and infrastructure are inherently long-lived. During the 21st century, the energy system 
capital stock will probably be replaced only twice. This limits the rate at which a fundamental restructuring of 
the energy system can occur. It also means that delayed action, say, in combating climate change, further locks 
the system into unsustainable structures causing additional system rigidity later on. 

5 STRUCTURING THE ASSESSMENT 
How you would structure a comparative assessment depends on what you know and want to know; what you 
need to know, and what constraints will impact your analysis.  
In short, the first step is to frame the question. The second step is to define the boundaries of the analysis. 
The third step is to understand and quantify the status quo. The fourth and possibly the most critical step 
concerns the assumptions and constraints entering the analysis. The fifth and final step then is the assessment 
itself. 

5.1 Framing the question 
What do you know and what do you want to know? What you know and don’t know will define your point 
of departure, and determine the extent of your information gathering.  What you want to know will determine 
where you look and what you look for.  

5.2 Defining the boundaries 
To be manageable, cogent and defensible, an analysis must be focussed. Comparative assessment is no 
exception. Comparisons can be based on numerous parameters, but not without some structure, focus or 
limits. Suffice it to say, good analysis hinges upon a clear definition of boundaries consistent with what you 
are looking for (the framing of the question). 
Boundaries that the analyst must identify and quantify include the temporal scope, the geographical area, the 
degree of detail, the universe of players, and a manageable range of impacts to be assessed. The analyst can 
also choose to limit the technologies to be evaluated, the characteristics by which they will be evaluated, and 
the policy measures and instruments available to promote affordable energy or reduce pollution in any given 
region, industry or market segment.  
In the energy field, typical comparative assessments might evaluate the relative advantages of different types 
of generating technologies, fuel choices or plant locations with respect to their environmental performance, 
financial viability or contributions to regional development. The boundaries that need to be decided range 
from the level of aggregation of similar plant and equipment to whether the electricity system or the energy 
system will be the relevant domain for the analysis. They also require specifying non-market considerations 
need to be included. These choices will in turn be governed by the investment alternatives or policy options 
being analysed.  
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5.3 Quantifying the Status Quo 
Taking stock of what you have is essential for any comparative assessment. Information on current energy 
flows and balances as well as the technical performance (conversion efficiencies, availability, emissions and 
wastes) and economic performance (costs, prices, returns, subsidies) of plant and equipment are necessary 
prerequisites for any energy system analysis. The vintage of existing infrastructures may constrain the 
market penetration of new technologies or, in the advent of rigorous environmental policies, require the 
premature retirement of non-depreciated capital. Behavioural patterns driving current energy consumption 
may facilitate or frustrate the adoption of new and alternative technology options. If a formal mathematical 
model is used for comparative assessment, quantifying the status quo means calibrating the model to reflect 
the past and present as accurately as necessary. Indeed the credibility of any comparative assessment may 
suffer if it does not reflect the status quo accurately – how can one have confidence in the assessment’s 
results if it cannot get the present right?  

5.4 Assumptions 
As already mentioned, comparative assessment is about the future, especially comparative assessment 
beyond the market. As we do not know the future precisely, we must work with assumptions, often in the 
form of scenarios. These describe the future evolution of both the drivers of, and constraints on, the energy 
system. These typically include future demographic changes, economic activity, economic and industrial 
structural change, reserve and resource endowments, technology performance and technology change 
throughout the energy system, behavioural patterns, and financial and policy constraints. The challenge is to 
develop an internally consistent and plausible set of assumptions about these parameters. In this context, 
transparency and comprehensive documentation of all assumptions is of the utmost importance for the 
credibility of any comparative assessment. These enable others to verify the assessment or, in the case of a 
disagreement on assumptions, to repeat the analysis. 

5.5 The Assessment (Analysis) 
Comparative assessment is an art, not a science. It is based on analytic tools but includes continuing human 
interaction. The analytic tools can be simple mental models or highly complex mathematical simulation and 
optimization models. But whatever the case, comparative assessment is an iterative process among 
assumptions, the model application and the interpretation of results. If they are implausible, this prompts 
changes in the assumptions or the model (e.g., adding another constraint) and rerunning the model until 
internally consistent and plausible results have been obtained. 

6 SCOPE AND BOUNDARIES 
The parameters needed for a comparative assessment of technology options for electricity generation are 
fewer (and often different) than the parameters needed for a comparison of electricity system options, which 
are in turn fewer and different from those needed for comprehensive energy system analyses.  
For example, restricting the comparison to generation technologies for the next investment cycle in a 
regulated market reduces the parameters to those for economic considerations (capital costs, fixed and 
variable operating and maintenance costs, fuel costs, amortization periods, etc.), technical considerations 
(efficiencies, operating characteristics, emissions, etc.) and regulatory compliance (health, environment, fuel 
use, etc.). Demand and its load characteristics, expected specific revenues per kWh sold and overall market 
related uncertainties are identical across generation options.  
In a deregulated electricity market, however, a comparative assessment of generating technology starts to 
take on the characteristics of a broader electricity system analysis involving a significantly expanded number 
of parameters. It involves defining the technical, economic, and environmental characteristics of all existing 
and planned power plants within the electricity system (i.e. for all competing utilities and independent power 
producers), including all plausible alternatives and prospects for technological improvement. In addition, all 
uncertainties associated with future demand, load characteristics of the grid, specific revenues, finance, etc., 
need to be included in the assessment. 
Still for the utility, a comparison of economic, environmental performance and market uncertainty may 
suffice. For the politician or regulator, more is needed. The choice of generating fuel may have trade, energy 
independence or energy security implications. Fuel and generating technology choices may also impact on 



5th International Conference on Nuclear Option in Countries with Small and Medium Electricity Grids 
Dubrovnik, Croatia, May 16-20, 2004. 

 6

the efficiency of environmental regulations, and vice versa. Plant location choices may have economic and 
environmental considerations, but also regional development, transboundary, safety or security implications.  
An assessment of the full energy system, whether on a regional, national or international scale, involves 
more even more parameters and hence requires ever more complex comparative assessment methods. Here, 
inter-fuel competition is far greater, and the potential for technological developments that cross traditional 
market boundaries grows rapidly. For example, electric utilities, industries and households may compete for 
the same fuel, say natural gas, while at the same time natural gas and electricity are competing in the 
residential heat and cooking markets. Moreover, the basis for comparison often can shift dramatically. Ten 
years ago comparative assessment of energy systems might include a comparison of the environmental 
performance of petrol, diesel and natural gas for transport, with perhaps some note taken of fuel cells. Today, 
the major debate has shifted to which technologies might best produce hydrogen, in a sustainable manner, for 
fuel cells in future transport markets.  
Energy system analysis includes all energy production at the primary level, conversion, transport, 
distribution, utilization activities at the level of end use (or of the consumer) and waste disposal, in a country 
or region, as well as the flows of energy and fuels among those activities (present and future). Comparative 
assessment in this context includes not only the performance of technologies and their related fuels, but also 
the upstream and downstream impacts and implications – on health, the environment, the economy, and 
other factors. Such comprehensive assessments have, for example, been carried out in the context of policy 
debates on the relative contributions of different energy technology chains to air pollution and GHG 
emissions.  
The choice of policy impacts to be explored will largely determine what kind of system analysis is needed. 
But in any case it is crucial to define the policy goals in question, and to set up within the comparative 
assessment measurable indices of policy goal achievement (improved supply security, reduced financial risk, 
reduced levels of pollution, etc.) as well as economic, cost and technical performance constraints.  

7 SOME POLICY EXAMPLES  
The keys to conducting a useful comparative assessment are to always be as specific as possible about the 
attributes, performance characteristics, merits and disadvantages of each of the technologies or policies being 
compared and to keep the level of detail and the assessment boundaries as simple as possible (but not 
simpler). Suppose for example you want to evaluate the soundness of a policy that would target coal fired 
power generation as a way to reduce GHG emissions. 

• Presumably you know the level of pollution that exists and the reduction you want to achieve.  
• Presumably you want to know what the alternatives are to a ban and what the relative costs and 

benefits are as well as the unintended consequences of each technology/system response. 
What more do you need to know?  

• Is this relevant to the electricity system only? Do some impacts or some alternatives lie within or 
affect the larger energy system? Or are there less costly alternatives for GHG reductions outside the 
electricity generating system? 

• Is the objective a one-time emission reduction, or is this just the first in a series of continuing, possibly 
increasingly stringent reductions? 

• What is the time horizon to be considered?  
• What are the size, location and emissions of existing fossil-fired and non-fossil plants? What are the 

technical characteristics of relevant future technologies (for production, use and abatement)?  
• What developments are expected in energy supply and demand – in terms of growth, mix and 

distribution? 
• What are the total direct and indirect costs (e.g., higher electricity prices, sunk costs and negative 

employment effects) and benefits (e.g., the size of the population presumably benefiting from lower 
local and regional air pollution) of achieving the desired reduction using various combinations of 
policies, energy sources and abatement technologies?  

• What is the extent of structural economic change or expected demographic change?  
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These kinds of data are needed along with energy or electricity system data in order to conduct a 
comparative assessment of alternative energy investment or policy options, or to test specific policy or other 
assumptions.  

8 TOOLS ASSISTING COMPARATIVE ASSESSMENT ANALYSIS 
Besides data collection, one needs a framework for structuring a coherent comparative assessment that 
covers the relevant parameters of the analysis. This can be done using a number of approaches, including life 
cycle and/or comprehensive energy chain/system analysis, macro-economic modeling, and sector models. 
The IAEA has been active for decades in providing comparative assessment for different energy 
technologies and their impacts, and in providing support to Member States interested in conducting their own 
comparative assessments relevant to national energy or environmental policies, or to national or sectoral 
development plans. The Agency has developed a number of customized energy and environmental impact 
modelling tools that can be used for such comparative analyses. It transfers up-to-date models, data, and 
information on resources, technologies, and trends to interested Member States; provides training and 
analytic assistance as requested; and shares its own cross-cutting analyses on topics of over-arching interest 
to Member States. This section describes briefly the Agency’s tools that are applicable to comparative 
assessment, both at the electricity and the energy system level, and including the comparison of alternative 
development paths for the energy sector in a country, taking into account expected changes in demography 
and life-styles, technological development and innovations, economic competitiveness, environmental 
regulations, market restructuring, and global and regional developments. 

8.1 Model for Assessment of Energy Demand (MAED) 
MAED evaluates future energy demand based on medium- to long-term scenarios of socio-economic, 
technological and demographic developments. The model relates systematically the specific energy demand 
for producing various goods and services identified in the model, to the corresponding social, economic and 
technological factors that affect this demand. Energy demand is disaggregated into a large number of end-use 
categories; each one corresponding to a given service or to the production of a certain good. The nature and 
level of the demand for goods and services are a function of several determining factors; including 
population growth, number of inhabitants per dwelling, number of electrical appliances used in households, 
peoples’ mobility and preferences for transportation modes, national priorities for the development of certain 
industries or economic sectors, the evolution of the efficiency of certain types of equipment, market 
penetration of new technologies or energy forms, etc. The expected future trends for these determining 
factors, which constitute “scenarios”, are exogenously introduced. 

An understanding of these determining factors permits the evaluation of the various categories of energy 
demand for each economic sector considered. The total energy demand for each end-use category is 
aggregated into three main “energy consumer” sectors: Household/Service; Industry, including agriculture, 
mining, construction and manufacturing; and the Transportation Sector. The model provides a systematic 
accounting framework for evaluating the effect on energy demand of a change in economics or in the 
standard of living of the population. 

The starting point for using MAED is the reconstruction of base year energy consumption patterns within the 
model. This requires compiling and reconciling necessary data from different sources, deriving and 
calculating various input parameters and adjusting them to establish a base year energy balance. This helps to 
calibrate the model to the specific situation of the country. 

The next step is developing future scenarios, specific to a country’s situation and objectives. The scenarios 
can be sub-divided into two sub-scenarios: 

• one related to the socio-economic system describing the fundamental characteristics of the social and 
economic evolution of the country; 

• the second related to the technological factors affecting the calculation of energy demand, for 
example, the efficiency and market penetration potential of each alternative energy form. 

The key to plausible and useful scenarios is internal consistency of assumptions, especially for social, 
economic and technological evolution. A good understanding of the dynamic interplay among various 
driving forces or determining factors is necessary. The model output, i.e. future energy demand, is just a 
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reflection of these scenario assumptions. The evaluation of output and the modification of initial assumptions 
is the basic process by which reasonable results are derived. 

The model focuses exclusively on energy demand, and even more specifically on demand for specified 
energy services. When various energy forms, i.e. electricity, fossil fuels, etc., are competing for a given end-
use category of energy demand, this demand is calculated first in terms of useful energy and then converted 
into final energy, taking into account market penetration and the efficiency of each alternative energy source, 
both specified as scenario parameters. Non-substitutable energy uses such as motor fuels for cars, electricity 
for specific uses (electrolysis, lighting, etc.) are calculated directly in terms of final energy. 

Demand for fossil fuels is therefore not broken down in terms of coal, gas or oil, because this energy supply 
mix largely depends on the technological possibilities of supply and relative prices of these fuels, aspects that 
are outside the scope of the MAED analysis. The substitution of fossil fuels by alternative “new” energy 
forms (i.e. solar, district heat, etc.) is nevertheless estimated, due to the importance of the structural changes 
in energy demand that these energy forms may introduce in the future. Since these substitutions will be 
essentially determined by policy decisions, they are to be taken into account at the stage of formulating and 
writing the scenarios of development. 

Special attention is given to the calculation of electricity demand, which is performed not only annually as 
for all other energy forms, but also on an hourly basis. These calculations in turn, can serve as input data for 
further analysis of the generating system using the WASP model. These calculations specifically determine 
the electric load imposed on the generating system, which will then permit WASP to select suitable 
generation technologies that match the variation in demand within a year or season. 

The hourly load calculations are performed using various “modulation factors” which correlate changes in 
hourly electricity consumption with respect to average consumption. In determining hourly, daily and weekly 
electric load from the total annual electricity demand of the sector, the model takes into account: 

a) The trend of the average annual growth rate of electricity demand; 

b) The seasonal changes in electricity consumption  (this variation may be reflected on a monthly or 
weekly basis, depending on available information); 

c) The changes in electricity consumption owing to the type of day being considered (i.e. working days, 
weekends, special holidays, etc.); 

d) The hourly variation in electricity consumption during the given type of day considered. 
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Figure 2:  Main inputs and outputs of MAED 
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8.2 Wien Automatic System Planning Package (WASP) 
WASP is the IAEA’s long-standing model for analysing electricity generation system expansion plans. 
Initially developed in the 1970s, it has been enhanced and upgraded over time to match emerging needs and 
to allow analysis of contemporary issues like environmental regulations, market restructuring, etc. 

WASP permits the user to find an optimal expansion plan for a power generating system over a long period 
and within the constraints defined by the planner. The optimum is defined in terms of minimum discounted 
total costs. Each possible sequence of power plants that could be added to the system (expansion plan or 
expansion policy) and that meets the selected constraints, is evaluated by means of a cost function composed 
of: capital investment costs, fuel costs, operation and maintenance costs, fuel inventory costs, salvage value 
of investments and cost of energy demand not served. 

As a starting point, WASP requires representation of the existing system defining the technical, economic 
and environmental characteristics of all existing power plants. These characteristics include: plant capacities, 
minimum and maximum operating levels, heat rates, maintenance requirements, outage rates, fuel and 
operation costs, emission rates, etc. For the given yearly future demand for electricity, it explores all possible 
sequences of capacity additions that will match this demand and at the same time satisfy all the constraints. 
The constraints can be based on achieving a certain level of system reliability, availability of certain fuels, 
build-up of various technologies, or environmental emissions. The sequences of capacity additions are first 
screened and those that satisfy the constraints, called feasible configurations for expansion of the system, are 
selected. The operation of a system for all these configurations is then simulated using a probabilistic 
simulation technique, which takes into account the failure probabilities of the plants and produces unit 
dispatch schedules to meet the given load. Available units are dispatched according to their marginal 
production costs. The generation, fuel requirement and environmental emissions of each unit are calculated 
and checked against any limitations imposed externally. Finally, a dynamic programming algorithm traces 
the optimal sequencing of capacity additions. 

Electricity demand, which is an input to the model, is specified in terms of annual peak load and variations in 
this load during the year. Each year can be sub-divided into 12 periods. For each period, load duration curves 
are used to represent load variations. All of this information can be prepared with and transferred from the 
MAED model. 

Treatment of hydroelectric plants is designed to accommodate the stochastic nature of hydrology by 
permitting the user to choose from a range of hydrological conditions (up to five), each one defined by its 
probability of occurrence and the corresponding available capacity and energy. This information is again an 
input to the model and can be prepared with the help of hydro simulation models. Pumped storage hydro 
plants are handled in a similar way. However, their operation is determined based on the cost of electricity 
available for pumping and the cost of peaking units. 
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Figure 3:  Main inputs and outputs of WASP 
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System reliability is a major concern in power system planning. WASP evaluates the reliability of a system 
in terms of the loss-of-load-probability (LOLP). This index is calculated by the model for each period of the 
year and for each hydro-condition. The expected value of LOLP is calculated as the sum of LOLP for all 
hydro-conditions weighted by their respective probabilities. The user can specify a desired level of LOLP as 
a constraint. 

For hydro dominant electric systems, another reliability index, energy-not-served (ENS) is more relevant. 
This index is also used in WASP to guide the system to build sufficient reserve capacity. ENS is assigned a 
cost which is minimised along with other costs related to system build-up and operation. This cost will 
reflect the expected damage to the economy when a certain amount of demand for electricity is not satisfied. 

For systematic handling of information, the WASP model is sub-divided into seven modules: LOADSY 
(load system description), FIXSYS (fixed system description), VARSYS (variable system description), 
CONGEN (configuration generator), MERSIM (merge and simulate), DYNPRO (dynamic programming 
optimisation), and REPROBAT (report writer). This modular structure ensures a systematic flow of 
information and permits input validation at each stage. 

8.3 Energy and Power Evaluation Programme (ENPEP) 
The ENPEP model is designed to simulate energy markets by determining the long-term energy supply and 
demand balance for a given country. To achieve this goal, the model takes into account all energy 
production, conversion, transport, distribution, and utilization activities in the country as well as the flows of 
energy and fuels among those activities. The model uses a non-linear, equilibrium approach to determine the 
energy supply and demand balance. This equilibrium modelling approach is based on the concept that the 
energy sector consists of autonomous energy producers and consumers that carry out production and 
consumption activities, each making decisions on available choices and maximizing their benefits. However, 
these decisions are made within system boundaries determined by government policies, regulations, existing 
capital stock, new technological opportunities, personal preferences, etc.  

For its simulation, the model uses an energy network that is designed to trace the flow of energy from 
primary resource (e.g., crude oil, coal) through to final energy demand (e.g., diesel, fuel oil) and/or useful 
energy demand (e.g., residential hot water, industrial process steam). The model solves simultaneously for 
the intersection of all energy supply forms and all energy uses in the energy network. The equilibrium is 
reached when the model finds a set of prices and quantities that satisfies all relevant equations and 
inequalities. 

The energy network represents all energy production, conversion, transport, distribution, and utilization 
activities in a country or region, as well as the flows of energy and fuels among those activities. It is 
constructed with a set of sub-models or building blocks, called “nodes” that represent energy activities or 
processes, such as petroleum refining. The user connects the nodes with a set of “links” that represent energy 
and fuel flows and associated costs among specific energy activities. Links convey price and quantity 
information from one node to another. The energy network is developed by defining energy flows among the 
different nodes for a given base year. All sectors of the energy supply and demand system are included in a 
typical analysis. 

The market shares of competing fuels are estimated by a logit function where the market share of a 
commodity is a function of the commodity’s price relative to the price of alternative commodities. Demand 
is sensitive to the prices of alternatives. Supply price is sensitive to the quantity demanded. As market shares 
of energy are dependent on energy prices and energy prices are dependent on the quantity of fuel demands, 
the model uses an iterative process to bring network prices and quantities into equilibrium. 

Since energy purchase decisions are not always solely based on price, premium multipliers are used in the 
model to simulate the preference that consumers may have for some commodities over others. In addition, 
the model uses a lag parameter to simulate the time that is required for prices and demands to reach an 
equilibrium or balance. In general, capital-intensive industries have longer lag times than those that require 
relatively smaller capital investments. 
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Environmental considerations are also taken into account, by calculating the emissions of various pollutants 
arising from a given fuel mix at each stage. The model then calculates the environmental costs associated 
with these emissions and adds these to energy costs. Environmental costs can thus be used to affect the 
solution found by the market equilibrium algorithm. 

8.4 Model for Energy Supply Systems and their General Environmental Impacts 
(MESSAGE) 

MESSAGE is designed to formulate and evaluate alternative energy supply strategies consonant with user-
defined constraints on new investment limits, market penetration rates for new technologies, fuel availability 
and trade, environmental emissions, etc. It was originally developed at the International Institute for Applied 
Systems Analysis (IIASA). The IAEA acquired the latest version of the model and added a user-interface to 
facilitate its applications. The underlying principle of the model is the optimisation of an objective function 
under a set of constraints. 

The backbone of MESSAGE is the technical description of the modelled system. This includes the definition 
of the categories of energy forms considered (e.g., primary energy, final energy, useful energy), the energy 
forms (commodities) actually used (e.g., coal or district heat), as well as energy services (e.g., useful space 
heat provided by energy). Technologies are defined by their inputs and outputs, their efficiency, and the 
degree of variability if more than one input or output exists, e.g., the possible production patterns of a 
refinery or a pass-out-turbine. 

These energy carriers and technologies are combined to construct so-called energy chains, where the energy 
flows from supply to demand. The definitional limitations on supplying energy carriers are that they can 
belong to any category except useful energy, they have to be chosen in light of the actual problem, and limits 
on availability inside the region/area and on import possibilities have to be specified. The technical system 
provides the basic set of constraints to the model, together with demand, that is exogenous to the model. 
Demand must be met by the energy flowing from domestic resources and from imports through the modelled 
energy chain(s). 

The model takes into account existing installations, their vintage and their retirement at the end of their 
useful life. During the optimisation process, this determines the need to construct new capacity of various 
technologies. Knowing new capacity requirements permits the user to assess the effects of system growth on 
the economy. 

The investment requirements can be distributed over the construction time of the plant and can be subdivided 
into different categories to reflect more accurately the requirements from significant industrial and 
commercial sectors. The requirements for basic materials and for non-energy inputs during construction and 
operation of a plant can also be accounted for, by tracing their flow from the relevant originating industries 
either in monetary terms or in physical units. 
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Figure 4:  Equilibrium approach of ENPEP 
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For some energy carriers assuring timely availability entails considerable cost and management effort. 
Electricity has to be provided by the utility at exactly the same time it is consumed. MESSAGE simulates 
this situation by subdividing each year into an optional number of so-called “load regions.” The parts of the 
year can be aggregated into one load region according to different criteria, for example, sorted according to 
power requirements or aggregation of typical consumption patterns (summer/winter, day/night). The latter 
(semi-ordered) load representation creates the opportunity to model energy storage as the transfer of energy 
(e.g., from night to day, or from summer to winter). Including a load curve further improves the 
representation of power requirements and the utilization of different types of power plants. 

Environmental aspects can be analysed by keeping track of, and if necessary limiting, the amounts of 
pollutants emitted by various technologies at each step of the energy chains. This helps to evaluate the 
impact of environmental regulations on energy system development. 

The most powerful feature of MESSAGE is that it provides the opportunity to define constraints between all 
types of technology-related variables. The user could, among others, limit one technology in relation to some 
other technologies (e.g., a maximum share of wind energy that can be handled in an electricity network), 
give exogenous limits on sets of technologies (e.g., a common limit on all technologies emitting SO2, that 
would be defined in millions tons of SO2), or define additional constraints between production and installed 
capacity (e.g., ensure take-or-pay clauses in international gas contracts forcing customers to consume or pay 
for a minimum share of their contracted level during summer months). The model is extremely flexible and 
can also be used to analyse energy/electricity markets and climate change issues. 

8.5 Model for Financial Analysis of Electric Sector Expansion plans (FINPLAN)  
FINPLAN is designed to evaluate the financial implications of an expansion plan for a power generating 
system. When an optimal or desired investment programme for system expansion has been determined, for 
example with the help of the WASP model, it should be subjected to various reality checks. If the expansion 
plan is too ambitious for available resources, even the most efficient configuration may not be realisable. 
Such financial constraints may require a revision of the economically optimum expansion plan. FINPLAN 
helps to analyse alternative expansion plans by evaluating their financial consequences. 

Given the difficulty of isolating a specific power plant from the rest of system, both physically and 
financially, the FINPLAN model is designed to consider all power plants in a system or owned by a 
company. It can, however, also be used for financial analysis of a single power plant. In case of a system 
level analysis, the model evaluates the consequences of adding a set of power plants, over a given time 
period, on the overall financial performance of the company. For a single plant analysis, it evaluates financial 
viability of the plant under assumed market conditions. 
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The information used by the model as inputs can be grouped into three types: (1) data specific to the 
expansion plan, i.e. types, sizes and timing of power plant additions; expected electricity generation by each 
plant; and investment, fuel and operating costs; (2) economic and fiscal parameters, describing assumptions 
on inflation, price escalation, exchange rates, prices, taxes, etc.; (3) financial parameters, defining financing 
possibilities such as fixed-rate credits/loans, variable rate loans, bonds and equity. 

For developing countries, arranging funds in foreign exchange is an added difficulty. The model treats all 
expenditures in two currencies, one foreign and the other local. The cash flows for all expenditures in the 
respective currencies are maintained and the impact of future exchange rate changes is analysed accordingly. 

The model has five built-in sub-modules: (1) investment, (2) debt, (3) revenue and expenditure, (4) tax and 
royalty, and (5) foreign exchange. The investment module calculates cash flows associated with on-going 
and new investments in the generation, transmission and distribution systems. (The transmission and 
distribution investments can be ignored if the model is applied to a generation company.)  The debt module 
computes cash flows related to borrowing, interest payments and loan repayments. The revenues and 
expenditure module handles accounts of revenues from the sale of electricity and any other income, and all 
expenditures including operating expenses and dividend payments. It also calculates depreciation charge on 
fixed assets. The tax and royalty module computes income tax and royalties as well as equity repayments. 
The foreign exchange module calculates foreign currency requirements for investments, purchase of 
imported fuels and debt service for foreign currency loans. 

In addition to calculating discounted cash flows, the model also generates various standard financial 
statements such as sources and applications of funds, current accounts of revenues and expenditures, income 
statements and balance sheets. It also computes a number of financial ratios, which can be used as indicators 
for the financial condition and creditworthiness of the company. The ratios included are: working capital, 
equipment renewal, leverage, gross-profit rate, debt repayment time, exchange rate risk, break even point, 
interest charge weight. 

The model does not optimise the financing package. The user achieves financial equilibrium, through an 
iterative process, analysing the output and revising the inputs. While this is more time consuming it also 
permits leeway for creative financial proposals. The model is very useful as it helps to analyse the impact of 
assumed future conditions that affect the financial health of a company. 

8.6 Simplified Approach for Estimating Impacts of Electricity Generation (SIMPACTS)  
SIMPACTS consists of separate modules for estimating the impacts on human health, agricultural crops and 
buildings resulting from routine atmospheric emissions of pollutants from energy facilities. It covers fossil 
and nuclear as well as hydro installations. It estimates physical damages, and provides as well for a monetary 
estimate of these external costs. A decision aiding module permits comparison of the relative advantages of 
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different technologies according to different selected criteria. The most significant aspect of SIMPACTS is 
its simplicity. It is designed for use on a PC with a minimum of input data, in contrast to other external cost 
models that are complex and data hungry.  

For airborne pollution, whether from fossil or nuclear plants, the model follows the impact-pathway 
approach. In this approach, the emission source is characterised and an inventory of airborne releases is 
prepared. The changes in ambient concentrations of various pollutants are estimated using atmospheric 
dispersion models and, in the case of radioactive emissions, deposition. Then, exposure response functions 
are used to relate the change in pollutant concentration to a physical impact on the relevant receptors. For 
hydropower, the model offers a simplified approach to estimate the loss of land, population displacement, 
and emissions during construction from hydro dams as well as the impacts from dam failures. Finally, all the 
impacts and burdens are monetised and aggregated. 

The model allows a user to make a range of external cost estimates ranging from crude to quite accurate, 
depending upon availability of data.  An approximate estimate can be obtained with input on average 
population, plant characteristics and emissions, even if no data are available on local weather conditions. In a 
typical application, the user may start the analysis with minimum data to get a rough estimate and then 
gradually add more information, as it becomes available, to obtain more reliable results. Given the high 
uncertainties involved in any estimation of external costs, SIMPACTS produces results well within the range 
of more complex models.  

The nuclear assessment includes two sub-modules, one for routine emissions and the other for accidental 
emissions. In the routine emissions case, four pathways for radionuclides are included, viz. direct inhalation 
of radionuclides in the air; external irradiation from radionuclides immersed in clouds; external irradiation 
from deposited radionuclides; and ingestion of radionuclides in agricultural products. The key stages for 
these pathways are: releases, transport, contamination, human exposure and health effects. The accidental 
emissions component uses expert judgement about the probability and magnitude of a consequence and 
utilises an expected risk aversion approach. Monetization of expected consequences gives the external cost 
of an accident. 

The hydro module considers displaced population, loss of agricultural and forest land, impacts of dam 
failures, emissions during construction, etc. Though the impacts of hydropower projects are generally 
considered to be extremely site specific, and the project specific information should be used wherever 
possible for estimating impacts, the model nonetheless provides a first-order estimate, if site specific 
information is not available, for future hydro projects. In such cases, it uses different reservoir models based 
on terrain characterisation to estimate inundated area and potential impacts. It also calculates expected loss 
of life and economic damage due to dam failure. 

 

Figure 7:  Simple 3D reservoir model of triangular shape 
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With these modules, SIMPACTS covers the major energy sources and most of the associated impacts on 
human health and the environment. Most important, it makes available to any user, instead of just to a select 
few, a simple but accurate tool for estimating external costs associated with electricity generation. The model 
can be used for comparing and ranking various options in terms of these external costs.. 

8.7 Indicators for Sustainable Energy Development (ISED) 
The IAEA has devised a set of Indicators for Sustainable Energy Development (ISED) as part of a larger 
United Nations effort to develop tools for assessing progress towards sustainable development goals. These 
indicators marshall available statistical information into a coherent and consistent form. They can be applied 
to evaluate the relative performance of technologies and policies over time and relative to number of social, 
economic, environmental and institutional parameters, all in the context of sustainable development goals to 
be specified and defined by the user. Users can select energy indicators for specific policy concerns (e.g., 
energy security, intensity, affordability) that reflect their specific policy priorities.   
The ISED scheme has a variety of practical applications for comparative assessment. First, the indicators 
present statistical information on the environmental, economic and energy efficiency performance 
characteristics of selected technologies, policies and systems over time. This makes it possible to track 
improvements in the environmental performance of any given technology or set of technologies over time. 
Second, they highlight important comparisons and relationships among different fuel mix and technology 
scenarios and policy parameters. Third, they permit statistically consistent tracking of such changes and 
relationships as part of general energy statistical analysis, thus incorporating comparative assessment as an 
integral part of energy statistical analysis. Fourth, they can be used to gauge the success of different 
practices, policies or trends over time and suggest improvements.  

9 MECHANISMS FOR IAEA ASSISTANCE IN COMPARATIVE ASSESSMENT 
ANALYSIS 

9.1 Technical Cooperation (TC)  
TC Projects have been the mainstay of IAEA assistance to Member States for developing capabilities in the 
field of comparative assessment beyond the market. They are implemented, upon the request of a Member 
State government, must address a high priority development issue and should produce tangible positive 
impacts. Typical comparative assessment projects include technical, economic and environmental 
evaluations of energy supply options in the context of plant siting, environmental improvement, system 
expansion planning or in the formulation of medium to long term energy strategies. 

9.2 Co-ordinated Research Projects (CPRs) 
The purpose of CRPs is to support research and the sharing of research results among participating research 
institutions from a number of Member States. CRPs have supported national comparative assessment 
projects analysing: (1) nuclear power’s economic and environmental effectiveness compared to other 
technologies, (2) the efficacy of different energy production and mitigation approaches for GHG reduction, 
(3) the contribution of different energy system development paths and technology choices to sustainable 
energy development and climate change. CRPs have also been used as a vehicle for peer review of the 
comparative assessment tools developed by the Agency.  

9.3 Regional and National Workshops and Training Courses 
The Agency regularly arranges Regional and National Workshops and Training Courses on the IAEA’s 
energy models, including specialised workshops on the use of Agency tools for comparative assessment.  

9.4 Partnerships 
The Agency provides ongoing support to national sustainable energy development planning, including 
capacity building for comparative assessment. Two projects in particular were registered as Type 2 
Partnerships at the WSSD, both of which apply the Agency’s comparative assessment tools as an integral 
part of their analysis. The first, “Indicators for Sustainable Energy Development”, was described above 
briefly and includes governmental partners from Brazil, Cuba, Lithuania, Mexico, the Russian Federation, 
and Slovakia. Other partners are the OECD International Energy Agency, Eurostat, the Economic 
Commission for Europe, and the Department of Social and Economic Affairs of the UN Division of 
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Sustainable Development and Statistics Division. The second partnership, “Designing Country Profiles for 
Sustainable Development”, for which Brazil is the prototype case study, includes the Center for Biomass of 
the University of Sao Paulo and the Graduate School of Engineering at the Federal University of Rio de 
Janeiro.  

10 CONCLUDING REMARKS 
Energy system development and policy assessment have become increasingly complex over time with the 
recognition that the social, economic, technological and environmental aspects of energy are intrinsically 
linked. Each energy option or technology, besides direct costs, has social and environmental costs and 
benefits. Energy planners and decision makers must strike a balance among all these in their decision 
making. The complexity of their task is compounded by energy market restructuring which has become 
necessary almost everywhere as high demand for energy investment funds squeezes public sector budgets. 
Success will depend in large measure on the calibre of comparative assessment that accompanies energy 
policy and development analyses.  
The IAEA’s set of models provides a comprehensive analytical framework for exploring a range of energy 
issues and informing sound policy decisions for the development of the energy sector. These models are 
designed to facilitate comparative assessment at a number of levels and for a range of parameters. In some 
countries these tools and the comparative assessments produced are used for developing energy plans, while 
in others they are used to frame energy laws and regulations for restructured markets. In some cases, the 
tools are being used to prepare national communications to UNFCCC on greenhouse gas inventories. 
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