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Abstract: MESAP-m: A tool for energy planning and environ­
mental management. History and New Developments 

The utilization of energy contributes substantially to environmental pollution. Increasing 

environmental degradation calls for quick decisions in the field of energy and environmental 
planning, which anyhow are subject to a high degree of uncertainty. Major invesbnents in 

this field are necessary to cope with the challenging environmental targets and to provide 

sumcien~ affordable and reliable energy for a growing population in an environmentally 

compatible way. 

In the past so called energy master plans were developed with substantial amount of financial 

expenses. In most cases, the master plan focused on the expansion of one energy sector such 
as the electricity generation. It contained a forecast of energy or electricity demand based on 
certain macro-economic. technical, behavioral or engineering judgement criteria. In a second 
step it was analyzed, how the calculated demand could .be met with a minimum of financial 

expenses. The master plan described a future energy scenario. which was based on a set of 

assumptions. These assumptions were based on uncenain parameters. which could not ~ 
influenced by the decision maker himself, such as the world energy prices or the economic 
development of a country or a region. Once one of these important assumptions were 

changed, the master plan had to be revised. 

Today it is agreed that energy and environmental planning should be regarded as a 

continuous process and not a one-lime-action. Planning is not to be seen as a prediction of 

the future but as a tool that gives a rational basis for taking decisions at stage today that 

involve high investments and which have a long impact into an uncertain future. Energy and 

environmental planning should not be an end in itself: it should be oriented towards specific 

solutions for explicit problems. Otherwise it will miss its main objective which is to assist 

the decision maker to find a good solution fon complex problem. Because of the complexity 

and the many linkages. energy and environmental planning should be integrated, which 

means that it should consider all economic sectors. all fuels. interregional interdependencies. 

the analysis of demand and supply and the feedbacks between the energy system. the 

economy and the environment 

The increasing complexity of energy and environmental problems require the processing of 
more and more infonnation. A substantial quantity of data must be processed in order to 

arrive at sound conclusions and defendable policy recommendations. Energy models have 

been developed to process this information using validated scientific operations research 

methodologies. If in the dynamic planning process the energy planner wants to provide 

decision support on a solid basis and within short time limits. effective data management 
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gains a new dimension of importance. 

Energy models have a long history. Initially most of the models focussed on single fuel 
issues or one energy subsector. An example are the electricity generation planning models in 
the sixties. However as the understanding of the integrated nature of energy issues increased 
especially concerning fuel substitution strategies. the models staned to analyze the whole 
energy system. The next generation of models included the interactions with the economy 
and the environment and became widespread during the late seventies. The complexity of 
these energy models has been greatly influenced by the tremendous progress in the 
infonnation technology. What was impossible to accomplish using yesterday's costly 
mainframe computers can now be handled easily with today's more powerful micro- and 
personal computers, which cost a fraction of the mainframe computers. Today largely 
beeause of this progress. these models have been funher developed towards decision making 

tools. 

The most . widespread energy models. like WASP [I). MESSAGE (2). (3). 
EFOM (4). MARKAL (5). [6] etc. were developed over a long period of time and 
represent an important methodological know how. During the development of these energy 
models the energy planners tended to put much emphasis on the exactness of the 
mathematical algorithms. The data requirements were of secondary importance. The model 
was fed with the data, when the calculation process required them. The data was grouped 
according to the sequence of the model calculations and not according to logic entities. As 
a con""luence data management became very difficulL In WASP for example. the technical 
and economic infonnation of one power plant is scattered througbout the model seL Creating 

a data set was a complex, suenuous task, paved with many errors, since no check for 
consistency or completeness of the data was available. Scenario management and sensitivity 
analysis was left to the planner. As the amount of infonnation fed into the model increased, 
more and more results were produced, sometimes several hundred pages Ior one model run. 
The tools to analyze these results did not keep pace with this developmenL Today they are 
still very rudimentary and basically can only produce tables. 

The fact that there is no standardized fonnat and data access protocol for inConnation related 
to energy and environmental systems becomes more and more disturbing. All existing energy 
models use their own proprietary database format which is structured according 10 the 
procedural flow of infonnation in the related models. We have huge models with very 
sophisticated scientific methodologies but transferring data or results automatically from one 
model to another is almost impossible even if the contents of their data sets overlap substan~ 
tially. Reusing the same data within a new case study becomes extremely difficult and is 
rarely done although infonnation gathering accounts for the greatest part of cost and time in 
a planning study. The fonnat of the databases is complex and only the modeler himself or 
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experienced users can interpret the stored figures. Planners who are not using the affiliated 

model can in general not interpret the numbers stored in the database. Because the model 
databases have no retrieval features and can only be used to run the affilialed computer 

model, they cannot be used as an information system for the case study. In general they are 

too specialized to store all infonnation relevant to an ehergy system. Infonnation going 

beyond a model run such as planning targets, historical data or general statistics cannot be 

stored. The planner is forced to use different tools to handle these information. 

More and more options. refmements and amendments increased the size and complexity of 

the models to a degree that today it is nearly impossible to modify them any longer. The 

structure of these energy models reached a .level of complexity that it becomes nearly 

impossible to integrate methodological improvements such as multi-objective optimization, 

stochastic programming or fuzzy set mathematics into the existing computer code. 

Today we have reached a tremendous diversity and quality of methodological approaches but 

we are lacking convergence in infonnation managemenL Infonnation is the basis of any sys­
tems analysis. Methodologies are the tool to analyze and interpret the infonnation in order 
to solve problems. Both depend on each other and the quality of decision support depends on 

the quality of the methodological algorithms as well as the infonnation management capabili­
ties. The methodologies have been pushed very far but the science of infonnation 

management on the other side has been seriously neglected. The most sophisticated energy 
planning models still use ASCII files for data storage although relational, hierarchical or 

network database systems, whose development also started in the seventies, are widely used 
in other areas of computer science and business administration. It seems that the tremendous 
progress in software development of the past decade has very long not been noticed by the 

modeling society. Only in the last years we can observe flCSt trends to integra~ database 
technology and state of the an user interfaces with the existing planning models such as the 
MARKAL User Support System MUSS [7] developed at BNL, the ENPEP package [8] 

from Argonne National Laboratory, the LEAP model [9] from Stockholm Environment 

Institute and Boston Center, Tellus Institute or the SUPERlOLADE-BID package [10] 

developed in Ecuador. 

In the early eighties !ER at the University of Stuttgart started the development of the MESAP [11] 

system, the Microcomputer based Energy Sector Analysis and Planning system. The main 
objective was to improve the planning capabilities of existing models by integrating modem 
infonnation management tools with the existing operations research methodologies. The first 
version was developed on a UNIX~based workstation system. MESAP included several 
FORTRAN models located around a hierarchical database system developed at the University 
of Stuttgart. Five years later MESAP was transferred to the PC under the DOS operating 

system. Today the third version of MESAP is being developed for PC's with a "Windows" 
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based graphical user interface. 

The main design principles of MESAP are flexibility concerning structure and aggregation 
of the analyzed system. modularity of the involved methodologies and a rigorous standardi­
zation of the model database (annal MESAP combines on one computer the "classic" 
FORlRAN energy planning tools such as MESSAGE. WASP. MADE, MAED. INCA and 
EFOM and integrates them with new methodologies for different planning tasks such as 
operation planning. highly disaggregated energy system simulation. integrated ressource 
planning and general equilibrium modeling. The new central MESAP database is called 

NEIWORK [12].[13] and is based on the relational database concept This database 
fulfills two main functions: it is a case study infonnation system which offers all retrieval 
features of current infonnation management tools and it serves as a standardized database for 
process-engineering oriented energy and environmental planning models. 

Standardization of the data structure is achieved through the representation of any energy and 
environmental system as a network diagramm the so called "reference energy system (RES)". 

The RES consists of different fuels and other material flows that being convened in a chain 
of processes. The only restriction in the design of NE1WORK is that the energy and environ­
mental system must be represented as a network of commodities. flows and processes. This 
approach allows the planner to specify the level of detail in the analysis and creates a model 
independent database structure that is no longer adapted to the algorithms. The cOl)cept fore­
sees that the planning models using the RES-approach adapt to the NE1WORK structure. 
Infonnation management has thus moved to the center of enC?rgy planning. Since different 
models are using the same standardized NElWORK database formal, data sharing and ex­

changing is improved. The planner is supported by a state of the art user interface and strong 
analysis tools. that now can be shared between the models. 

The standardization of data structures allows the connected models to exchange input data, 
assumptions and resullS. But the easy linkage of different models will not only improve the 
planning capabilities. It will also lead to an integration of existing and new methodologies in 
the long term. Thus the beneficial effeclS of standardization. widely accepted in other do­

mains of engineering. will then reach the realm of energy modeling. 

MESAP has been applied in many case studies and ilS concept has proven powerful and 
flexible enough to still be up-to-date. This was mainly achieved through the strict modu1arity 
of the concept coupl~ with a standardized data interface that allows the uncomplicated inte­
gration of new methodologies. Thus MESAP allows the planning team to base their joint 
work on a commonly agreed set of data, methodologies, assumptions and objectives. It allows 
an easier communication and understanding among the expert team of different scientific 
faculties and allows them to concentrate on the essentials of the joint planning effort 
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1 Energy planning and envirorunentaI management: past and 
present 

The role of energy planning and environmental management as an instrument for decision 

making is gaining more importance in a world facing increasing environmental degradation, 

a fast growing population and rising energy consumption. Decisions in this field are 

characterized by the long range of their consequences, the uncertainty of the future evolution 

and contradictory evaluation criteria of a multitude of aspects. The increasing complexity of 

energy and environmental problems has not only changed the goals and objectives of the 

analysis but has also created the need for new methodologies and tools. In this paper we give 

an overview of the tendencies in energy planning and environmental management and we 

propose a new conceptual design for energy and environmental planning tools. 

1.1 The planning problems 

The problems in energy planning and environmental management have changed in the past 

two decades. In the past the level of indusuialization was lower. the density of population 

was smaller, and the traffic activities were less intensive. Energy was available in abundance 

and the environmental problems were lOCally limited and relatively easy to handle. Today the 

utilization of energy contributes substantially to environmental pollution. Industrialization in 

many countries has been very strong, the world population h3:S increased extremely. and the 

traffic in our mobile society has more than tripled. 'As a consequence environmental damages 

have increased substantially, as the discussion on acid rain and greenhouse gas effects 

indicates. Today it is consensus that the increasing environmental degradation has become 

global and that some damages might be irreversible. This calls for quick decisions. Major 

invesUnents are necessary to achieve the challenging environmental targets and to provide 

sufficient energy with a reliable supply system for a growing population in an 

environmentally sustainable way. 

The nature of this complex problem in the field of energ>.' and environment is characterized 

by many interactions between energy, economy and environment that have to be taken into 

consideration. The complexity makes it difficult 10 fmd simple. straightforward or even 

optimal solutions. In addition the evaluation of s~tegies depends on subjective criteria that 

differ from interest group to interest group. These many aspects of the problems make it 

necessary to involve an increasing number of disciplines into the decision making process. 

The multi-disciplinary character of the analysis creates communication and harmonization 

problems. 

Furthennore the increasing complexity of energy and environmental pro~lems require the 

processing of an immense amount of infonnation in order to derive sour)d conclusions and 
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defendable policy recommendations. Because the future developments of key parameters are 

unknown the planning assumptions underlie a high degree of uncertainty. A systematic 

analysis of the future energy and environmental system necessitates to apply scenario 

techniques and sensitivity analysis. methods that even increase the number of infonnation. 

1.2 The planning approaches 

In the past so called energy master plans were established with substantial amount of 

fmancial expenses. In most cases, the master plan focused on the eXP3:Ilsion of one energy 
sector such as the electricity generation. It contained a forecast of energy or electricity 
demand based on certain macro-economic. technical. behavioral or engineering judgement 

criteria. In a second step it was analyzed, how the calcula~d demand could be met with a 

minimum of fmancial expenses. with lowest environmental degradation, with optimal labor 

effects, with best intertemporal resource allocation or other decision factors. The master plan 

was considered to be valid over long time ranges. It described a future energy scenario, 

which was based on a set of assumptions for important parameters, that could not be 

influenced by the decision maker himself. Examples are the world energy prices or the 

economic development of a country or region. Once these important assumptions were 

changed. the whole master plan had to be revised. 

Today it is agreed that energy and environmental planning should be regarded as a conti­

nuous process rather than a one-lime-action. Planning is not le) be seen as a prediction of the 

future but as a tool that gives a rational basis for taking decisions at stage today that involve 

high investments and that have a long impact into an uncertain future. Planning becomes a 

dynamic iterative process that does not only consider energy aspects but has to include 

economic, environmental and social concerns. It includes uncertainty aspects and tries to 

identify robust solutions that offer a high degree of effectiveness even for changing 

assumptions of the system parameters. Finally energy and environmental planning cannot be 
seen as an end in itself: it must be oriented toward specific decisions for explicit problems. 

In the seventies and the early eighties, planning was basically done on a national level. This 

approach was sufficient when the problems were manifested on a regional scale. Today the 

environmental issues of local and global importance need hannonized strategies on all levels: 

globally, national, regional and local. Worldwide goals such as a limit on CO2 emissions are 

targets that should be reached on a national level. Policies should be worked out to 

implem~nt these targets on a regional and local level using strategies such as increasing the 
market share of co-generation, promoting renewable energy technologies, or focussing on the 

rational use of energy. International climate conventions and global environmental arrange­

ments seem to become a necessity to give perspectives to a sustainable development of 

mankind. 
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There are other incentives to enhance the existing planning methodologies. Many govern­

ments have started to evaluate in detail the environmental effects of a project before it can 

be realized. This calls for new methodologies suited to these special issues. such as 

environmental assessments. · Also many developing countries today require a dynamic 

planning framework that integrates energy and environmental issues in order to petfonn the 

necessary analysis to obtain international support for development projects. 

1.3 The planning tools 

The changing aspects of the problems and approaches necessitate modifications and 

enhancements of the existing planning tools. A new generation of computer models and 

planning instruments is being developed. 

One of the reasons that computer models have been developed is that the we cannot make 

experiments with,the reality in the area of environmental managemen~ Therefore a represen­
tation of the real world in a model is needed. Energy models have a long history. The fIrst 

energy models were based on economeuic theories and correlated energy demand with 

macro-economic indicators like the GNP. The technology oriented "process-engineecing" 

model generation initially focussed on single fuel issues or energy subsectors. such as the 

electricity generation planning models in the sixties. However as the understanding of the 

integrated nature of energy issues and the interactions with the economy and the environment 

became widespread during the seventies, energy models have grown in tenns of complexities 

and breath. The complexity of models has been greatly influenced by the tremendous 

progress in the information technology. What was impossible to accomplish using yesterdays 

costly mainframe computers can now be handled easily with today's more powerful micro­

and personal computers. which COSt a fraction of the cost of the mainframe computers. Today 

largely because of this progress. in depth academic research has been carried out to enlarge 

energy modeling toward a tool that is optimized for decision support 

Planning tools in the past concentrated frequently on specific modeling issues. Their 

methodology often focussed only on one aspect of the problem such as costs, environmental 

damages, or the energy supply security (expansion planning). Usually only one economic 

sector such as the household sector or the industry was analyzed or only one fuel such as 

electricity was considered. Today planning tools are required to integrate energy, economy 

and environment issues in one framework. They focus on the whole system rather then on 

one sector or fuel and they integrate several methodologies in order to analyze all aspects of 

the problem. 

The most widespread energy models. ' like WASP [I). MESSAGE [31. EFOM [41. 

MARKAL [61 etc. were developed over a long period of time and represent an immense pool 
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of knowledge. The models of the past were created using procedural languages and they 

concentrated on the mathematical algorithms. The energy planners tended to put much 

emphasis on the exactness of the mathematical algorithms of the model. Data management 
issues were of secondary importance since the amount of data treated was easy to handle. 
The information was arranged according to the procedural flow of the incorporated algorithm. 
The model was fed with the data, when the calculation process require.d iL Therefore, the 
data input fonnat was complex and difficult to understand. Data were grouped according to 
the sequence of the model calculations and not according to logic entities. In WASP for 

example. the technical and economic infonnation of onc power plant is scattered throughout 
the model seL Therefore the information in a computer file for a planning model could not 

be retrieved otherwise since only the associated model possessed the direct access to the fLle 
and the key to interpret the data. No general retrieval functionality was provided as it would 

be the case for an information system. Creating a data set was a complex, strenuous task, 
since no possibility was offered to check the consistency and completeness of the data. 
Scenario management and sensitivity analysis was left to the planner. 

As the amount of information fed into the model increased, the models produced more and 

more results. sometimes several hundred pages for one model run. The tools to analyze these 
results did not keep pace with this .developmenL Today they are still very rudimentafy and 

basically can only produce tables. 

More and more options. refinements and amendments increased the size of the models 
substantially. Today they have grown so large that it is hard~y impossible to modify them 
because the structure and complexity of the models reached a level. which can not be 
controlled any more., Methodological improvements such as multi-objective optimization. 
stochastic programming or fU12Y set mathematics cannot be integrated into the existing 
models. 

There is no standardized format and data access protocol for information related to energy 
and environmental systems. All existing energy models use their proprietary database format 
which is structured according to the procedural flow of infonnation in the related models. We 
have huge models with very sophisticated scientific methodologies but transferring data or 
results automatically from one model to another is nearly impossible even if the contents of 
their data sets overlap substantially. Reusing the same data within a new case study becomes 

extremely difficult and is rarely done although information gathering accounts for the greatest 

part of cost and time in a planning study. The format of the databases is complex and only 

the modeler himself or experienced users can interpret the stored figures. Planners who are 
not using the' afflliated model carl in general not interpret the numbers stored in the database. 
Because the model databases have no retrieval features and can only be used to run the 
affiliated computer model. they cannot be used as an information system for the case study. 
In general they are too specialized to store a11 information reJevant to an energy system. 
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Information going beyond a model run such as p1anning targets, historical data or general 

statistics cannot be stored. The planner has to use different tools to handle these information. 

Today we have reached a tremendous diversity and quality of methodological approaches but 

we are lacking convergence in infonnation management. Infonnation is the basis of any sys­
tems analysis. Methodologies are the tool to ana\yze and interpret the information in order 

to solve problems. Both depend on each other and the quality of decision support depends on 

the qUality of the methodological algorithms as well as the information management capabili· 

ties. The methodologies have been pushed very far but the science of information 

management on the other side has been serioUsly neglected. The I)lost sophisticated energy 

p1anning models still use ASent fdes for data storage although relational, hierarchical or 

network database systems, whose development also started in the seventies, are widely used 

in other areas of computer science and business administration. It seems that the tremendous 
progress in software development of the past decade has very long not been noticed by the 

modeling society. 

Only in the last years we can observe fIrst trends to integrate database technology and state 

of the art user interfaces with the existing planning models. Examples are the MARKAL 

User Support System MUSS [7) developed at BNL, the ENPEP package [8) , from Argonne 

National Laboratory, the LEAP model [9) from Stockholm Environment Institute and Boston 

Center, Tellus Institute or the SUPERlOLADE-BlD package [10) developed in Ecuador or 

the IKARUS modeling framework [14) developed in Germany. 

A1; a conclusion we can state that the old model generation is becoming less and less suitable 
for iIle growing challenges of the complex planning tasks that a modeler is facing today. New 

tools should be developed. A planning model today has to offer more than a sophisticated 

algorithm. It should be user·friendly and should include powerful data .management features. 

Data management has become a crucial role in the dynamic planning process, if one has in 
mind the huge amount of information that has to be treated to cover all the planning aspects 

mentioned above. The data management systems help to organize the infonnation, to reduce 
retrieval times and to create a coherent d~ta set for the planning models. It helps the planner 

to quickly set up his assumptions. to analyze the modeling results and to deduce decisions 
from these results within short time limits. Utilizing the data management system becomes 
a major part of the planning task. 

The future generation of planning tools are modular systems rather than one single program. 
In most cases they incorporate the sophisticated algorithms of the old model generation or the 

old models themselves and add a user interface and a data management system to them. They 
are created using new object oriented programming tools and languages. Their data manage-

ASCII: standardized code to represent all cbaracters oC the english alphabet including special 
international c:baractcrs 
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ment systems are based on sophisticated and powerful databases. The new planning tools do 

not only "model" the analyzed system but they are enhanced by components that provide 

decision support. a suppon to identify those recommendations that help to reach the planning 

goals. 

1.4 The planning goals 

The planning goals in the field of energy planning and environmental management have 
slightly shifted over the last decades. Planning started with a single fuel or single sector 

approach. where the least cost expansion path or the optimal operation of a given technology 

park had to be determined. After the flISt oil crisis the issue of fuel substitution arose and the 

goal of the studies moved toward fmding an optimal fuel mix for the energy supply system. 

This made it necessary to evaluate the potential of all available resources and the feasibility 
of new energy technologies. More and more important became the assessment of the environ­
mental impacts of the energy system (air pollution, climate change) and the interactions 
between the energy system and the economy, e.g. to estimate the effects of taxation 
measures. On the demand side the analysis was extended toward the useful energy level or 
even to the level of energy services. Issues such as demand side management. least cost 
planning or integrated resource planning had to be handled. Actual studies try to integrate all 
aspects mentioned above into one analysis in order to assess all possible strategies to limit 
environmental damages. 

Today the goals of the planning exercise are more oriented toward finding a general con­
sensus between different involved target groups of the society that have different attitudes 
and very often conflicting objectives. These interest groups can range from people move­
ments, lobbying groups, municipalities to governments as the greenhouse gas discussion is 
demonstrating. In general. planning tries to evaluate and quantify the long·term effects of 

policies and strategies or of capital intensive decisions in the field of expanding and 
operating the energy supply system and coping with arising environmental problems. Besides 
policy analysis, expansion planning or operational planning, the primary aim remains to 
foster rational decision making. and to arrive at sound conclusions and recommendations that 
are based on a broad consensus of opinions. 

Achieving t\lese goals is only possible with an integrated approach for energy planning and 

environmental management Integrated in this sense means that the approach should offer 
methodologies suited for the study of the different components of the analyzed system. These 

tools should be flexible enough to be easily adapted to the needed aggregationallevel. They 
should be designed to be easily combined in order to study the principal interactions between 
the different elements of the analyzed system. This wilt help to identify the various factors 
of influence on the political, social, cultural, technological and ecological level. The MESAP 
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approach (Microcomputer based Energy Sector Analysis and Planning system, (11)) presen­

ted in the following section is such an integrated approach that allows to consider all aspeets 

and facets of the complex interactions in the energy sector and enables to expand the goals 

of the analysis toward the new issues of the future. 
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2 The MESAP concept 

2.1 The requirements for an integrated planning tool 

The basic requirement for an integrated planning tool is the availability of a set of validated 
planning models adapted to the different planning tasks and objectives. The system should 
include a powerful central data management system that can be used to store and manage 
case study related data. Access should be provided to external infonnation systems such as 
central infonnation pools that are available today for many purposes. 

In general model handling and data entry should be easy. They should allow. detailed 
analysis within reasonable Lime. A user friendly interface implies fann menu driven program 
flow. based data entry. a feature for consistency checking. on-line error ttapping and a 
context sensitive help system. The system should be designed in such a way, that sharing 

data between different case studies and different models is uncomplicated. This would 
increase the ability to reutilize data. an imponant cost reducing factor. 

In order to facilitate the evaluation of different strategies, the scenario analysis technique 
should be integrated as well as an assistance for sensitivity analysis. Fmally there should be 
powerful and flexible analysis tools to create customized graphics and user defmed repons 
of all kind. 

The system should include decision aiding tools .in order to provide convenient procedures 
to compare the different alternatives within a fonnalized framework allowing the user to be 
fully aware of the implicit values integrated in the comparison. Decision aiding tools· are 
designed to help the decision making process and to enhance the capabilities to use 
effectively the results of the analysis. 

2.2 The MESAP philosophy 

The basic idea of the MESAP-System [15] is to combine the most efficient energy 
planning tools available for the different planning tasks on one computer. to integrate them 
in a modular way through a central database system and to support the analyst as much as 
possible by a user friendly interface. In order to provide an affordable softwarelhardware 

package, it was decided to base the concept of the MESAP-System on microcomputer and 
personal computer platfonns and to be restrictive in tenns of expensive commercial software 
packages. 

MESAP has a long history. Its creation dates back ten years when the first version was 
developed on a UNIX·based workstation system. MESAP included several FORTRAN 
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models such as MESSAGE. WASP. MADE. MAED and INCA located around the 

hierarchical database system RSYST [16) developed at the University of Stuttgan. Five 

years later MESAP was transferred to the PC under the DOS operating system. Today the 
third version ofMESAP is being developed for PC's with a 'Windows" based graphical user 

inledace. The new central MESAP database is called NETWORK (12). (13) and is based on 

the relational database concept MESAP has been applied in many case studies and its 

concept has proven powerful and flexible enough to still be up-to-date. This Was mainly 

achieved through the strict modularity of the MESAP concept coupled with standardized data 

inledaces that allow an uncomplicateil integration of new methodologies or planning models. 

With MESAP. a set of energy analysis and planning tools is provided on one machine. or in 

an interlinked network of computers under one software environment This configuration 
allows the energy planning team and the system analyst to base their joint work on one 
commonly agreed data base, the same methodologies, the same set of assumptions and on 

common objectives. This procedure allows an easier communication and understanding 
among the expert team of different scientific faculties. The planners will not have to discuss 

about basic assumptions. methodologies and data, but they are able to concentrate on the 
essentials of the joint work and the common interpretation of the results. 

2.3 The MESAP design principles 

The MESAP concept can be summarized by a set of design principles. 

2.3.1 Open data interface 

The core of the MESAP package fonns the NETWORK Database. which is able to store all 

infonnation concerning a case study. The NETWORK Database makes use of the fact. that 

most tools for energy analysis and planning are structured in a network fonnat The network 
approach is realized in most MESAP modules. The scope of the-network can vary from one 

single technology assessment to a complex regionally and sectorally highly disaggregated 
energy system model. Different analysis and planning modules have direct access 10 the 
central network data base and can thus exchange statistical infonnation. technology data. 
economic assumptions and model results. The NETWORK database can be addressed directly 

by the planner to store. retrieve. process or present the required infonnation or to prepare the 
data for model runs or other purposes. All databases and modules can be invoked through the 
graphic oriented MESAP monitor. A link to central external database systems allows to 
retrieve data from other infoqnation systems. Finally the open data interface makes it easier 
for the planner to integrate additional models. 

9 



The open data interface concept provides the possibility to utilize the same infonnation with 
different tools and models, e.g. to simulate around an optimization result. Additionally the 

standardized relational data fonnat will facilitate the exchange of input data, assumptions and 

results with other case studies. 

Standardization of the data structure is achieved through representing any energy and 
environmental system as a network diagram in a so--called "reference energy system (RES)" 
consisting of all kind of fuels or other material flows that are converted in a chain of 
processes. The representation of an energy and en~ironmental system as a network of 
commodities, flows and processes is the only restriction in the design of NE1WORK. This 

approach allows a model independent database structure that is no longer adapted to the 

algorithms in the models. Instead the new concept forces the planning models using the RES­
approach to adapt to the NElWORK structure. Information management has thus moved to 
the center of energy planning, the level of detail of the analysis is left to the planner. The 
planner is supported by a user friendly graphical intenace for entering and updating data, 

Strong analysis tools can be shared between different models. Data handling for different 
models is improved because all models are using the standardized NE1WORK database 

format with a state of the art user intenace. Finally NElWORK offers the same retrieval 

features as modem information systems. 

2.3.2 Modularity 

Modularity means, that MESAP provides a separate module wjth a well defined methodolo· 

gical approach for each planning task. Through the modular design, the MESAP-system is 

expandable and adjustable for new methodologies. New modules can be added, modules can 
be adjusted to the spceific needs of the planning Objective and proprietary programs from the 

user or commercia1 packages can easily be linked to the system. 

2.3.3 Flexibility 

Aexibility means, that MESAP can be adjusted to the problem to be analyzed and not vice 

versa Flexibility is meant in both ways. methodologically and in tenns of data inte~sity~ For 
different issues, different methodological approaches will be necessary. The available statisti­

cal data, which are the basis of any model run, have different formats and aggregation levels 

in different countries and for different problem areas. MESAP as analytical tool provides 

several different methodological options to address spceific problems and is adjustable to the 

available data. This implies that the regional and sectoral aggregation and the degree of detail 
in the ana1ysis of the energy system can be defined by the user according to planning objec­
tives and data availability. MESAP is designed in such a way, that with the availability of 

new data or additiona1 information or new aspects to be considered. the size of the data set. 
the level of aggregation in tenns of sectors. fuels. time steps. regions etc. can grow as well. 
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2.3.4 Suitability 

Suilllbility means that the MESAP modules provided allow to analyze all questions asked by 

the planner. The methodologies provided are able to address the most pressing energy and 

environmental problems such as environmental pollution. climate change, the fuelwood 

problem in developing countries and energy economy interactions. 

2.3.5 User friendliness 

The MESAP system offers a state of the art user interface that includes menu driven flow 
control. form based dalll entry. context sensitive help and integrated consistency checking and 

error trapping. 

2.3.6 Portabilily 

Portability means. that the developed software programs can be implemented on different 

machines with a minimum of program modifications. Since the computer market is extremely 
dynamic, this aspect is very importanl One can not be sure, whether the market leaders of 
today will play a significant role tomorrow. New hardware corppanies acquire fast substantial 
portions of the world market New software products enter the market in a dynamic manner. 
On the other hand a hannonization process among the manufacturers of software products 
can be observed. A harmonization of standards will alleviate the portability issue and allows 

the use of commercial packages even in ponable systems . . With a portable system, the 

hard/software configuration can be adapted to the problem size . and complexity. It is also 

possible to use the same programs on the PC for small problems, on mainframes and even 

in parallel or dislribu!ed high performance computing environments for Jarge scale problems. 

2.3.7 Affordabilily 

Since energy and environmental problems seem to increase and tend to become more 

complex. many people could make use of such an integrated planning tool. A high price Illg 

for the computer sys!em or the software reduces drastically the accessibility to such a system 

because a lack of sufficient funds. MESAP runs on a PC and has a flexible pricing policy 
with prices below US$ 5000 for the base system. 
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2.4 The MESAP structure 

The MESAP concept places the NETWORK database at the center of the integrated planning 

system (see Figure I). The analytical models are connected to this database. NETWORK is 

using a network representation of the energy system called "Reference Energy System (RES)" 
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Figure 1: The MESAP-ill modeling concept 

to organize the data. All models are adapted to use the same standardized fonnat of the case 

study oriented database. The NETWORK database thus creates a common language for 

energy system related data. and the same data entry. analysis and presentation tools can be 

shared by all models that are hooked up to this database. At the same time. the models can 

share case study data and exchange model results. This increases the compatibility between 
different modules and reduces the possibility for errors during the transfer of data and results. 

Figure 2 shows the difference between the traditional way of modeling and the MESAP 

concepl In the past each model had its own rudimentary tools for data entry and result 

analysis. Often these were simple ASCn'-text editors and post-processors that created 

standardized reports to be sent to a line printer. Graphical analysis was not available. In the 

MESAP system there is only one database that is shared by all models. Since they all use the 

same standardized data fonnat they can share one data entry tool - the MESAP Monitor - and 

, 
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one analysis 1001 - the MESAP Analyst The effolt 10 make these tools user friendly and 

powerful can be much higher since it will be beneficial to many models, not only to one 
single model. 

Figure I shows that MESAP includes modules for different aspeclS of energy planning and 

environmental managemenL The modules cover a broad range and allow to estimate the 
present and future energy demand at the service. useful or fmal energy level. to simulate or 

_ ......... __ .. __ .. ~/ER 
The past: 

The MESAP concept: 

Figure 2: new concept management 

to optimize the energy supply system, to perfonn an evaluation of the environmental impacts. 
to calculate the costlbenefit of different investments, to optimize the expansion or operation 
of district heat and electricity supply systems and la analyze interactions and feedbacks 
between the energy system and the economy. 

Besides the case study oriented NE1WORK database at the core of the MESAP system, three 

centralized infonnation retrieval systems are connected to MESAP. The lKARUS technology 
database includes all kind of technical data for the existing energy conversion technologies. 
The energy information system ENIS allows to store statistics in form of time series and 
energy balances. The emission inventory database is the link to the models for emission 
analysis, usually highly disaggregated in space and time, such as dispersion models or 
geographical infonnation systems. It also contains the emission coefficients for all kind of 
point and area sources that will allow to evaluate airborne environmental pollution. 
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The concept of the NE1WORK database will be described in chapter 3. The different 

MESAP modules will be described in detail in chapler 4. 

2.5 The MESAP case studies 

The MESAP-System has been applied in many case studies and different fields. The pre­

dominant applications are in the field of national and regional energy and environmental 
analysis and planning. MESAP has also been used for energy economy and environmental 

analysis utilizing the cost effectiveness approach. The MESAP system has also been used to 

identify measures for the rational use of energy and energy conservation. 

Since its len years of existence, tailor made versions of the MESAP-System have been 

developed in many countries. Scientists, government agencies. energy and environmental 
planning consultants have been using it and MESAP has proved its suitability in several case 
studies. Experiences have been made in the several countries. 

• in Gennany in various studies of technology assessment and in the environmental field. 
Especially for the stale of Baden-WUrtlemberg very detailed analysis for all economic 
sectors and fuels have been undertaken; 

- in Austria for a cost-effectiveness analysis for emission reduction measures; 
- in Nigeria for a national. energy planning study; 
- in the Seychelles for the analysis of the future energy demand; 
- in Madagascar for the setup of a detaUed data base and the development of a regional 

energy supply concept; 
- in Iran for a regionalized analysis of the perspectives of the energy supply system; 

· in Zaire for the analysis of the energy system with emphasis on the rural country side; 
• in Turkey for electricity expansion planning; 
· in Jordan for the energy demand analysis; 
· in Argentina and Morocco for specialized training courses. 

The MESAP concept has proved to be appropriale for the planning tasks in the last decade 
and is constantly being adapted to the new requirements of energy and environmental 
planning in the future. 
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3 The MESAP core database NETWORK 

The NEIWORK: database (12).[13) is located at the center of the MESAP system. It is a 

database that allows to store case study related data for all models involved in the analysis. 

The NEIWORK database defines a standardized structure for energy system related data and 

represents the data interface between the models that are integrated in the MESAP system. 

3.1 Objectives of the NETWORK database 

The primary goal of the NEIWORK project was to establish a standardized data structure for 
energy and environmental systems. NE1WORK. was developed to satisfy two functions: to 
be a case study infonnation system with all features of modem infonnation management 
tools and to serve as a databas:e for process-engineering oriented energy and environmental 
planning models. The database design is no longer oriented along the methodological algo­
rithms of the connected planning models but it is based upon the concept of the "Reference 
Energy System (RES)". This process-engineering approach to represent an energy system as 

a network of commodities, flows and processes is the only restriction in the design of NET· 
WORK. Instead of adapting the database structure to the algorithms in the models the new 

concept forces the planning models to use the RES-approach and to adapt to the NEIWORK 

structure. Infonnation management is moved to the center of energy planning tools and lakes 
the former place of the models which now have to adapt to the NE1WORK structure. nata 

management is separated as much as possible from runIling a specific model. This 
standardization is necessary to enable different models 10 use the same database and the same 
data management facilities. 

NE1WORK offers great flexibility with respect to the system to be documented and the 

amount of information to be stored. This concerns the network structure, the sectoral and 
regional aggregation of the energy system, the modeling horizon covered by the time series 
and the type of information that can be stored. NE1WORK allows to store any information 
related to any point in time and space for any energy and environmental systems represented 
by a "Reference Energy System (RES)". 

NE1WORK is designed as an information system. What makes NE1WORK an information 

system? First it is easy to enter and document data. second any data encountered during a 
case study can be stored, and third it is easy to retrieve the information once stored in the 
system. In addition of being a place to store model data NEIWORK can be used as a data 

dictionary for any information related to the analyzed system. This includes historical data. 
any further technology data. regional data and sectora! data. In order to fulftll these 

objectives. the NEIWORK database system is based upon the relational data model. A 

transparent encoding system allows fast and flexible retrieval of any information stored in the 
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database even for unexperienced users. NElWORK is designed in a way that it doesn't only 
document the data entered but that it automatically documents the structure of the energy and 
environmental system analyzed. The structure of the RES is used as key to locate information 
in the database. 

NElWORK provides a state of the art graphical user interface (GUI) with fonn based data 
entry, retrieval and updating, integrated consistency checking, on line error trapping routines 
and a context sensitive help system. It is a standardized tool for data entry, retrieval and 
updating. for analysts of the results and for scenario management that can be used by any 
model connected. NETWORK offers transparent time series management including the 
treaUDent of historical information and projections into the future for different assumptions. 
Scenario management already integrated at the data entry level Full documentation of source, 
qualily and modifications of every infonnation in the database should be guaranteed. Docu· 
mentation of problems. objectives. strategies and assumptions within a case study is possible. 
The analysis tools enable to create user dermed tables and graphics. user defined energy 
balances. graphical representations of the RES and they include statistical analysis lools. 

The standardized data format of NETWORK creates an interface for planning models using 
a process oriented approach in analyzing energy and environmental systems. The exchange 
of data between case studies and planning models is facilitated through this interface and 
allows a better reutilization of data. Thus the coupling of different models or the direct 
comparison of alternative methodologies within the same case study (e.g. optimization vs. 
simulation) can be achieved using only one data sel 

A concept for a modular architecture integrating new and existing modeling methodologies 
should is developed on top of NETWORK. A strict modularization of the models maximizes 
the facility 10 combine existing components with innovative methodologies to a new model. 
The common tools for data entry and analysis are already realized according to this modular 
concepL Links between NE1WORK and ASCII data ftles bring the benefits of NElWORK 
to the old generation of FOR1RAN models and revitalize the use of their sophisticated algo­
rithms. 

Several Characteristics of the NElWORK concept. will substantially affect the costs for 
energy and environmental modeling. Reusing data from other models or case studies will 

lower the cost for data gathering during an analysis. Having powerful and user friendly tools 
will decrease the training periods and speed up data entry and the achievement of a 
consistent ("working") data seL Coupling different models within one case study will also be 
cheaper, since the different model runs be done on. one single data seL Finally the time and 
cost to develop new models will be lower since the same data management, data entry and 
analysis 100ls can be used for the new models and do not have to be programmed again. Also 
the modular architecture will make it easier to build new methodologies on top of existing 
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models. The costly recoding of existing know how in order to combine it with a new 

a1gorilhm will stop. 

3.2 The Reference Energy System Technique (RES) 

The concepmal way to es~b1ish a standardized database strucmre and to represent the 

analyzed energy system is the "Reference Energy System" (RES) [17]. The RES is a 

graphical representation techrtique for energy conversion systems that has ~n developed in 

the seventies by the MARKAL-development team in Brookhaven, USA. The RES shows all 
possible flows within an energy and environmental network. from the resource to the service 
and includes all technology options involved. Techrtically spoken the RES network diagram 

is a bipartite graph. 

There are three types of Objects used in the RES, as shown in Figure 3: commodities. 
processes and links. A simple set of rules apply to .these objects. Commodities may represent 

all kind of material flows. whereas processes convert one or several commodities into other 

_"'~f __ "_Uoo.dER 

Link Link 

• 
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Figure 3: Graphical objects of the reference.energy system 

commodities. They represent a transition from one set of commodities la another set of 
commodities within the RES. The notion of commodities is not limited to energy carriers. All 
material flows that can be accounted for can be represented as a commodity. e.g. waste, steel, 
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concrete. water. emissions. etc. In Figure 3 the commodity hard coal is converted by the 
process coal power plant into electricity. Because the network diagram is a bipartite graph. 
a link has always to connect a commodity with a process or the other way round. No direct 
Jinks are allowed between two commodities and two processes. 

The RES concept is very flexible and can be applied for many energy and environmental 
problems that are analyzed using a systemic approach. Any energy conversion system can be 
rep~nted using a RES since the number of objects is unlimited and since the significance 
of the object is assigned by the user. Thus the RES can represent very complex systems. such 
as shown in Figure 4 for a regional energy system. 

The RES does not only struchlre the conversion system but also offers a key that allows to 
unmistakably reference any information in the represented network. Information such as fuel 
prices. market shares. efficiencies and investment costs can be clearly assigned to an object 
in ~e RES. As shown in our example in Figure 3. infonnation such as efficiencies. invest­
ment costs or availability factors can be assigned to a process. Others such as the fuel price. 
the sulfur contents or the heating value are assigned to a commodity. Finally there are 
information such as the market share, the variable costs or the actual energy flows that can 
be assigned to links into or out of a process. 

The standardized RES-technique is a flexible and powerful graphical representation of an 
energy system. The RES technique is model independent. it offers a high degree of flexibility 
and the possibility to locate infonnation within even a complex energy system by applying 
a few simple rules. The RES is exactly what we need to establish a model independent 
database structure. NElWORK is built on top of the RES concepL 

3.3 Realization of the NETWORK database 

The NE1WORK database has been developed according to the structural framework of the 

"Reference Energy System" (RES) concepL It uses the relational data model as methodology 
to setup the database structure. The relational data model was chosen because it offers a high 
degree of flexibility and consistency. 

Several tools are connected to NE1WORK. The MESAP-Monitor allows to enter and update 
data. to manage scenarios and to control model runs. The MESAPpAnalyst assists the user to 
analyze model results. Figure 5 shows the different data entry and analysis tools that are 

included in the NETWORK database. 

The input controller allows to setup and to manage the RES structure and guarantees the 
consistency of the network structure. Data entry includes transparent time series management 
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entry and analysis tools in the Network Database 

and integrates scenario handling for each parameter. Several hierarchical data inheritance 

rules pennit to easily structure the data according w the regional disaggregation and different 

user defined ~narios. Combined with data interpolation 'rules the data set in the NEIWORK 

database becomes independent from the modeling period chosen in the case study. Using the 
interpolation and inheritance rules, NElWORK is abler to create the actual model data set 
for the selected modeling periods right before the actual model run. Of course the input 

controller documents source, quality and modifications of any data. Finally the expandable 

parameter list allows to add any information on the energy system. A SQL-link lets the user 

access external infonnation systems. hnport and export facilities allow the exchange of 
complete or partial case study data sets. 

The scenario manager allows to create scenarios and hierarchical case ·families. The model 

parameters can be structured in different user defined groups. Different hypothesis can be 

assigned to the time series for any parameter in each group, representing possible future 

c:voluti6ns or assumptions made by the modeler. These different hypothesis can now be 
hierarchically combined into case families to create scenarios for a model run with a 
minimum of data redundancy. 

The scheduler manages single and multiple model runs for different subregions and scenarios 

and offers assistance for sensitivity analysis. 
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The MESAP·Analyst allows the glllphical representation of any infonnation stored in the 

NE1WORK database. The user is able to create an unlimited number of customized glllphs 

to analyze model run results. Standasdized as well as customized reports and tables can be 

genelllted from the contents of the NE1WORK database. User defined energy balances can 
• 

be calculated from the RES. Finally the MESAP·Analyst allows to" perfonn standard 

statistical analysis such as the calculation of averages. regression analysis including the 
calculation of correlation indicators and time series analysis. 

The network monitor is an enhancement of the input controller and allows the design any 
RES directly as a glllphic on the computer screen. The access to the database will be 

achieved through on-screen navigation by selecting processes, commodities and parameter. 
The network analyst is the correspondent extension of the MESAP·Analyst and will allow the 

representation of model run results such as the energy flows. emissions and costs directly in 
the 81llphical RES·Fonna!. The importance of different flows in the RES will be marked by 

different colors or line widths according to their importance. 

The NE1WORK database is proglllmmed for PC's in Visual Basic under DOSlWindows and 

offers a graphical user interface that allows fann based data entry. retrieval and updating. It 
includes an integrated consistency chec~ng algorithm for the network structure and the 
completeness of the data set and a context sensitive help system. 

3.4 Impacts of the standardization through NETWORK 

The NE1WORK database should be understood as a standardization of the data fonnat for 

models analyzing energy systems. It's transparent. efficient and flexible concept is case study 
oriented which means that there will be one database for each case study. Information for 
different case studies will have the same format so that they can be easily transferred. The 

NE1WORK database concept is especially useful for systems that can be represented and 

modeled in the formal of a reference energy system. i.e. that can be thought of as a network 
of different interlinked processes. 

What are the impacts of such a standardization of the data interface for the energy planner? 
First of all it will make life easier for him. Data entry and maintenance. scenario manage· 
ment and the analysis of model results will be less complicated because a powerful set of 
analysis tools for different models exists to support the NE1WORK database. This will 

substantially reduce the training effons to learn how to use the planning models. Additionally 
if the planner knows how to use one model. it will ~ very easy for him to learn to operate 
other models connected 10 the NE1WORK database, since the data entry and the analysis of 

results follow the same procedures. Finally it will be much easier to exchange data, scenario 

assumptions and results between case studies and different models so that the costly work: of 
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collecting and validating data can be shared. Sharing data and analysis tools makes energy 

planning and model development more efficienL 

The most important impact however is that the standardization of energy related data will 
lead to an integration of energy planning models. When different models use the same data 
structure they can easily work with the same data set or exchange input assumptions or 

results. An energy system that is analyzed using an optimization model could easily be 
simulated. Of course it will be necessary for the simulation to add information such as 
market shares to the data seL Other infonnation such as bounds and constraints will not be 
used but the majority of the data necessary for a simulation is already defined in the 

optimization run and can directly be used for the simulation. This will finally enable the 
comparison and the combination of existing methodologies, a scientific approach that was 
theoretically possible also in the past bu~ in practice never done because of the efforts 

needed. In the long term the standardization of the data interface will lead to an increasing 

coherence of newly developed planning models and the concept of the NE1WORK database 

will facilitate the integration of new algorithms and methods into the existing planning 

framework. 
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4 The modules of the MESAP system 

There are different fields of application for computerized energy and environmental analysis· 

and planning tools. which can be categorized according to the planning tasks. 

Project evaluation should be seen as a detailed analysis of one inveslment within the 

expansion planning. The scope in the project evaluation encompasses one investment project 
(e.g. a "coal power plant" as shown in Figure 6) and its interrelations with the energy and 

environmental system. An example of an invesunent evaluation program is INCA [18]. 

developed at the IER. 

Today. the decision between different options of power-supply is not only a question of 

economic costs. Other aspects considered are the pollution of air, water. and soil. emission 
of greenhouse gases. waste disposal, health risks. supply .security etc. Life cycle analysis is 

used to quantify and evaluate all economic, environmental and social impacts of the con~ 

sidered energy supply systems. This includes the analysis of the direct process chain from the 

resource extraction to the flnal energy to be provided. but also the investigation of indirect 

impacts. These are caused by the equipments needed to produce the required energy such as 

the construction and dismantling of power stations and the extraction and transportation 

equipment Two approaches can be distinguished. Lire cycle fuel chain analysis considers 

the energy conversion chain from the resource level to the final energy to be provided. 

Figure 7 shows the fuel chain from the coal mine to the electricity at the end user. This 

enables to evaluate different supply paths that produce the same amount of fiJ)al energy. Lire 

cycle network analysis calculates the flows and impacts involved for an energy network 

providing a demanded energy service, as shown in Figure 8. In this example the energy 

service provided is room heating and the whole network of technologies and fuels necessary 

to provide this energy service is analyzed. The analysis calculates all related consumptions. 

emissions and other mass flows for competing technolpgy chains that provide the required 

energy service. Such an analysis allows the evaluation of different technology path's 

according to multiple criteria: cost. energy balance, environmental pollution. resource 

consumption. etc. Examples for fuel chain analysis models are the GEMlS [19] model 

and the DECADES [20] project. 

EJl:pansion and operation planning. The scope is one sector of the energy supply system, 

e.g. the electricity sector or the district heat sector as shown in Figure 9. Expansion 

planning examines the kind and timing of investments, which are suitable to meet a giv~n 

demand with respect to certain restrictions and boundary conditions. In the expansion 

planning several alternative projects are analyzed, which can produce the same output. The 

invesunents as well as the generotion costs of the energy products are analyzed in detail with 

respect to the ditferen~ currencies. timing and cost categories. Local restrictions are taken into 

consideration. An example of a power generation expansion planning model is WASP [I] of 
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the lAEA. The aim of operation planning is to get an optimal way on how to operate the 
existing components of a power system. The operation planning process can be differentiated 
into three different tasks: long term operation planning with a planning horizon between one 
and five years, medium tenn operation planning with a planning horizon from onc week up 
to one year and shon term operation planning within one day or a weekend. Beside the 
different planning horizons these three levels have different offsets and restrictions and also 
different planning aims. To get optimal results out of the hierarchical planning process the 
planning tasks must cooperate and work together in an optimal way. PROFAKO [21] is 
an example for a program system for operation planning, which supports all three planning 
tasks in operation planning. 

Strategy development and technology assessment. These studies evaluate technologies. 
measures, strategies and policies according to cenain goals in the context of the whole 
energy, environmental and social system. They consider the complete system shown in 
Figure 6 to Figure 9, which includes the energy demand for all eaniers and every energy 
conversion technology in the supply network. Example: cost-effectiveness analysis of C01-

reduction measures with an optimization model such as EFOM [4] in order to meet the 
Toronto agreements. Since efficient C(),;-reduction takes place in all sectors, the model has 
to represent the emissions of all possible sources and alternatives to provide the required 
energy service. Another example could be the evaluation of the consequences of integrating 
wind energy conveners into the existing energy supply structure using e.g. the MARKAL [6] 
model. 

In strategic energy models the conversion technologies can be mooeled as entities or they can 
be aggregated to groups of technologies. Models that allow the evaluation of comprehensive 
energy systems should be flexible in the aggregated representation of different technologies 
and their interactions. Energy system models can be used to analyze the energy and 
environmental system starting from the resources, following the different conversion steps to 
the required ·energy service. All conversion technologies or combinations of technologies, 
which are able to produce the same energy service or which are interrelated to the service 
provision must be represented in the model. The system limits depend on the objectives of 
the analyzed system. 

MESAP provides modules for each category. Figure I in chaptl:r 2.4 shows the different 
modules that are integrated in the MESAP system and that are explained in the following 
sections. Multiplying the number of models available in one shell alone does not necessarily 
provide a better decision. But it enables the planner to select within the shell he is familiar 
with to choose the methodology that is best suited to his problem. Sometimes it will even be 
necessary to select several models to cover all methodological aspects of a complex case 
study analysis. 
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4.1 Energy demand analysis and supply simulation 

The energy demand model MADE [22] (Model for the Analysis of the Demand for 

Energy) provides several methodological options on how w calculate energy services. useful 
energy requirements or the final energy demand. These methodologies include econometric 
as well as process engineering technique approaches. The demand model MADE can he 

applied for strategy development and technology assessment 

A simulation algorithm calcUlates the secondary and primary energy consumption based on 

a process oriented network representation of the energy supply system. The analysis is not 

limited to energy flows but can include all material flows used or produced by the processes 

analyzed in the system. The level of aggregation of the network is left to the user. MADE is 

not linked to the NE1WORK database. 

A successor for this demand analysis and supply simulation model. called PlaNet [23]. 

is currently heing implemented at the !ER. This model will be fully integrated into the 

NETWORK database concepl PlaNet consists of a demand model that allocates the 

economic sectors in a user defmed tree structure. The supply sector can be modeled using 
any fonn of the "Reference Energy System (RES)". PlaNet has similar features as his 

predecessor MADE, but offers more flexibility concerning the simulation equations. It allows 
any number of equations for processes with multiple inputs or outputs and thus can better 
simulate technologies such as co-generation. PlaNe,t allows la defme any flow of a process 
or any quantity of a commodity in the RES exogenously. It includes the possibility to use 
product shares for technology inputs in addition 10 marjet shares for technology outputs and 
it will check for the violation of user defined bounds and constraints. Finally it allows a 
higher time resolution in order to integrate load aspects in the energy demand analysis and 
the simulation of the supply system. Based on the calculation of all energy flows within the 

network, a user defined energy balance can he calculated for any time period. According to 

these flows the needed capacities of the energy conversion technologies are determined. A 
detailed cost analysis is available not only to determine total costs of the energy supply 
system. but also to calculate levelized production costs (per unit costs) for each commodity. 
A detailed evaluation of the environmental impacts will help to fmd major emission sources 
and their abatement costs. 
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4.2 Energy system optimization 

The energy system optimization models currently implemented under the MESAP system 
are MESSAGE [3] and EFOM [4]. Both are designed to analyze in delail the energy system 
flow from the primary energy to the energy service demand category. The MESSAGE and 
EFOM models can be used for strategy development and technology assessmenL They are 
both based on the LP (Linear Programming) approach. They are flexible in terms of the 

technologies and fuels considered. the sectors analyzed and with respect to the model size. 
They both are network oriented models. The level of delail . the time horizon and the 
objective function can be dermed by the user. For the processing of the model results 
comfortable post processors are available. The models investigate. how an exogenously given 
energy demand vector can be met in an optimal way according to the objective function 
while considering the specified restrictions and bounds. 

Typical applications for these kind of models are cost effectiveness analyses in the 

environmental field. expansion planning of the energy supply system. the analysis of possible 
impacts of political decisions, technology assessment studies and the identification of energy 
strategies and policies. 

MESAP-ill. the latest version of the MESAP system. will contain a new energy system opti­
mization model called ECOLOG [24] based on the LP-GAMS [25] language_ The 
development of this tool that has been started two years ago. It will combine the strengths of 
the well known representatives of LP-models such as EFOM, MESSAGE and MARKAL. 
The ECOLOG model has been designed to take into account a regionalized representation of 
energy systems and load aspects. The optimization model will be able to treat issues such as 
pumped storage, co-generation and the integration of renewable energies. The integration of 
non linear equations will allow to anaIyze non-linearities in the optimization framework. 

In a future release ECOLOG will be enhanced by macro-economic equations toward a partial 
equilibrium model. This will allow to analyze price induced energy conservation in the end 
use sector on the useful energy level as well as on the energy service level. 
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4.3 Energy-economy models 

Energy-eoonomy models are developed 10 analyze the future development of an economy 

within cenain assumed frame conditions in order to allow strategy development and 

technology assessment To enable the simulation of the macroeconomic development, which 

is seen as the most important factor driving the energy demand, the econometric 

programming tool "InterActive Simulation System" (lAS) [26] is linked \0 MESAP. IAS 

enables to design. estimate. test and run econometric models and mput-output models. 

Further. so called impact models can be used 10 analyze the effects of certain strategies on 

the economy as a whole. Post-processors are provided in MESAP for the simulation as well. 

as for the optimization models in order 10 calculate the possible impacts of the planned 

strategy on the economy, the environment and other areas of interest 

The impacts of cenain energy policy measures such as COl-taxation are not restricted to the 

energy system. Due to the considerable feedbacks with the rest of the economy these impacts 

must be analyzed within an economy-wide framework. There might be competition (or scarce 
resources between energy policy targets and other social or economic targets such as 
economic growth, Cull employment, price stability etc. 

Instruments for partial analysis like energy (supply) models are by their nature hardly suited 

to identify the economy-wide effects oC energy policy measures]. In general, they capture 

only the direct impacts of energy policy measures on energy markets in high technological 

precision and take the ceteris paribus assumption in order to Reglect the Ceedbacks from the 

rest of the economy. If the feedbacks are important the approach of partial analysis makes 

use of complementary models to take into account the indirect effects for the rest of the 

economy. However, the successive use of isolated partial models must be viewed critically 

as there are often severe problems in consistency. 

On the other hand there are comprehensive economy-wide models for total analysis which 

keep consistency in explaining indirect price effects and feedbacks but lack important 

detailed technological infonnation due to their high aggregation leveL Thus the technology 

based options of an economy to meet energy policy constraints are not sufficiently 

represented. 

The disadvantages of either approach call for new integrated models which allow the 

consistent representation of the overall economjc activities as well as the detailed 

technological description of the energy system. 

, Energy models in this partial sense are energy market models with exogenous energy demands (final 
eoc:rgies, useful energies or energy services) or at least exogenous non-energy markets (eoergy demand in Ibe 
lauu case is an endogenous variable bul inletdependencies resp. Ceedbacks between energy ytarkelS and other 
DOO-energy markets are still neglected). 
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Here, general equilibrium theory provides a sound microeconomic framework to meet the 
requirements for technological based economy-wide analysis. In practical applications the 
concrete formulation of general equilibrium models depend on methods which are available 
for solution. Models are constructed as special cases of the general fonn in order to simplify 
the computation; the simplification is often at the expense of certain economic features which 
"escape" the chosen modeling approach. 

A simple but consistent approach of constructing energy-economy models is the combination 
of energy system models and neoclassical macroeconomic models within an equilibrium 
problem which is formulated as a nonlinear program and solved by efficient optimization 
software. Following similar developments like ErA·MACRO or MARKAL-MACRO (see 

Manne et al. [271. [281. [29]) the ECOLOG module developed at !ER -
University of Stuttgart is linked on the useful energy level to a one-sector Ramsey growth 
model (MACRO) by means of a neoclassical production function and the extended economic 
identity of income (production) and expenses (consumption, investment and energy system 
costs). Thus the energy demand is endogenous and depends on relative prices. Feedbacks 
between the energy system and the rest of economy which might stem from energy policy 
measures such as energy taxes or emission directions can be analyzed in a transparent way. 

Besides the suength of computational easiness ECOLOG-MACRO uses detailed physical 
(energy) flow information which increases the credibility of energy-policy assessment 
compared to monetary-based input-output approaches. ECOLOG-MACRO turns out to be a 
useful tool for assessing the overall economic impacts which .major energy policy changes 
might have. However the simple structure of the linkage is enabled through the very 
aggregate description of the economic activities in the non-energy system. 

If several economic agents and institutional constraints (e. g. price restrictions) must be 
considered the single-pass optimization framework of ECOLOG-MACRO can not be 
maintained. One could extend ECOLOG-MACRO to a multi-sector structure including 
foreign trade by using sequential optimization but this approach is quite cumbersome and 
problem-specific (see Ginsburghlvan Heyden. RutherfordlManne [301. [311. [321. 
[33]). 

Another method is the iterative linkage of energy system models and multi-sectoral economy 
models. However. the experience of iterative linkage experiments (see ZENCAP, Messner I 
Strubegger [34]) is rather deterrent: Different methodological approaches for the energy 
system module and the economic modules lead to problems in consistency which severely 
influence the model results. Examples are differences in capital cost calculation or in time 
treatments (perfect foresight versus myopic expectations). In addition there are severe 
problems in getting convergence of the partial solutions towards a consistent solution for the 
overall system. 
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The resuictions of most common energy~onomy modeling approaches led the IER to the 
use of the so-called complementarity fonnat (see Cottle and Pang) which enables 

simultaneously bouom~up process-engineering modeling and top-down aggregate economic 
modeling. The present integrated tool GE'M-ACT (Gennan Energy Economy Equilibrium 

Model :with Activity Analysis, [35]) is a multisectoral open-economy model which allows 
the consideration of agents with different preferences which is imponant in order to assess 
distribution and income effects of alternative energy policies. Besides the process-based 

representation of strategic energy sectors (such as e1ecuicity generation) the model can 
incorporate price and quantity constraints which often are typical features of administered 
energy policies. Computable general equilibrium models can be used to address the following 

issues: 

~ Consideration of feedbacks between the energy supply system and the energy demand; 
~ Inclusion of price responses on labor and capital market; 
- Analysis of the impacts of energy and environmental policies on economic growth 

including feedbacks; 

~ Explicit treatment of taxation policies for emission mitigation strategies. 
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The conceptualized dynamic general equilibrium model is based on the 110 technique 

integrated with a process analytical representation of the energy system (LP). Tbe model 

successfully has been applied to energy policy topics such as the analysis of carbon-tax 
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exemptions for energy- and export-intensive industries or the implications of national 

hardcoal protection on the effectiveness of CO2-mitigation strategies. 

Future extensions of the model encompass the full integration of the existing Gennan tax 

system in order to assess the impacts of tax refonns which are currently under discussion to 

promote economic efficiency together with environmental protection. 

Though the present model version includes a sufficient representation of exports and impons 

in the context of national policy questions it is not suited to focus on multilateral 

international trade issues. In order to analyze the economic impacts of changes on 

international energy markets (e. g. EU-liberalization of gas and electricity markets) or 

combined emission mitigation strategies (international emission trading) the IER will 
construct a multi-regional (energy) trade model E'TM (European Energy and Emission Trade 

Model). 

The model set of ECOLOG-MACRO. GE'M-ACT and E'TM is a comprehensive and 

complementary analytical framework to provide valuable decision support to energy policy 

makers on national as well as international issues. Figure 1 summarizes the !ER activities on 

the field of integrated energy-economy modeling. 

4.4 Investment calculation and cost analysis 

INCA [18] is an acronym for Invesunent Calculation, a program which calculates the net 

present value of alternative invesunents. This model is designed for project evaluation. Based 

on the present value method, the model calculates the dynamic power generation costs, the 

yearly cash flow over the whole operating period, the amortisation time and other ecOnomic 

key parameters. A detailed breakdown of costs is used for these calculations. Every cost 
factor can have its own cost escalation assumptions. 
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4.5 Power plant operation planning 

The power plant operation model PROFAKO (21) is a computer aided operation planning 

tool for cogeneration plants and systems. It supports all phases of the operation planning 

process from long term operation planning through medium tem operation planning to the 

short term operation planning. The model offers flexibility in the structure of the modeled 

system and can therefore be applied to one power plant or a complex power system of an 

ene'llY utility or a company. PROFAKO is using its own database but will cooperate with the 

NEIWORK database system. 

_ ... ....".,_ ....... _u.. .. "'-, ER 
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Figure 11: The structure of the power plant operation model PROFAKO 

The aim of operation planning on all planning levels is to minimize the operation costs. 
These costs are forming the objective function and are composed of the production and start­
up costs of all components and the costs for all purt:hases fixed in supply contracts. The 
objective function must be minimized concerning an amount of technical , economical and 
environmental restrictions. 

PROFAKO is based on mixed integer linear programming (LPIMIP). Total cost of the 

analyzed system is taken as objective function that is to be minimized. To set up the 
optimization model. the production system is separated in its system components in order to 
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get a mathematical description: There are technical compol)ents like power plants. that can 
be broken up into a system of boilers. turbines or heat exchanger. The economical 
components include contracts. duties or other fmancial conditions. The mathematical 
description of the behavior of these components and the interconnection between the 
components lead to a linear program with mixed integer variables. 

PROFAKO has been applied to different production systems and is used by public utilities, 
by industrial companies for their power supply systems and in different research studies. 

Until now PROFAKO uses it' s own data base with a well defmed interface. For the future 
it is planed to connect PROFAKO to the NElWORK data base system for data exchange. 
But also in the future PROFAKO will use it's own data base for local data access and stand 
alone use. (Because the PROFAKO data base has been developed for the special use within 
an specific context it is faster than any other data base for common use.) 
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4.6 Power plant expansion planning 

The power plant expansion model WASP (Wien Automatic System Planning) [I J uses the 

dynamic programming technique for the expansion planning of electricity generation units. 
The model has been applied in many case studies all over the world. It belongs to the 

category of models for expansion and operation planning. WASP is not yet connected to the 

NE1WORK database. 

The objective of WASP is to fmd the economically optimal power generation system within 

specific constraints. It utilizes the dynamic programming method for ~e optimization and a 
probabilistic simulation for investment and production costs, unserved energy costs and for 
the reliability factors. 

The objective function consists in the minimization of the total power generation COSl4\ B. 

which is the discounted sum of investments I, salvage value of investments S. fuel costs F, 
fuel inventory costs L, operation and maintenance costs M and costs for the energy not 

served O. 

'. 
Bf' L [~~rS(~J+~~t'I(~t'M(~J+O(~J 

10'" 

The optimal expansion plan is deftned as the minimum of B over all expansion plans j. 
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4.7 Integrated Resource Planning 

Integrated Resource Planning (IRP) encompasses the whole planning process of a utility 

or a region. It integrates supply-side and demand-side management. evaluating investment 
opportunities in energy supply and demand reduction on an equal economic basis. !RP 

includes different types of planning as it considers utility and non-utility generation, load 
management. conservation. pricing. alternative service levels, strategic load building and 
power exchanges. and as it provides explicit evaluation of the interactions among the various 
aspects of the planning process. In a broad sense it should consider electricity. gas and 

district heating. It thus encompasses the above mentioned planning tasks namely project 
evaluation, expansion and operation planning, strategy development and fmancial analysis. 
Nonetheless the main focus of integrated resource planning remains demand side planning 

and financial analysis. 

In order to develop an integrated resource plan a set of tools is needed which can be used to 

suppon each planning step. It enables the user to perform an integrated analysis considering 

all interactions between the system components. Further requirements yield from the specific 
purpose of the tool. It depends whether the tool is used by a utility to suppon the planning 

process or by a research or consultancy institutions to support policy decisions. A 
methodology for integrated resource planning should take into account load patterns for 
demand of electricity. gas and heal It should be capable to analyze the effect of additional 

measures (e. g. storage of electricity and/or heat) solving problems concerning the time lags 
between supply and demand. 

Most models which are present1y used in Europe represent analysis. forecasting or supply­
side models. Those fields are modelled in great detail while the demand-side is usually 
represented in a very aggregated way. If energy saving potentials are analyzed. only the 

technical energy saving costs are taken into account while the consumer behavior and the 
costs of the measures to be taken to influence this behavior (the so called transaction costs) 
are neglected or just roughly considered. 

Responding to the needs of the utilities to possess tools for integrated resource planning. the 

Electric Power Research Institute (EPRI) in the USA developed a ponfolio of software 

models. ranging from spreadsheets to menu-driven and interactive software using the 
ORACLE database management system. These models are presently used by utilities in the 

USA. In Europe there seems to be interest in that kind of models. In addition the applica­

bility of the american models in Europe is restricted because of the differences both in the 
structure of the electricity supply industry and in the end-use pattern. 

IER is developing a set of tools (lRPlanner. {36)) which is meant to suppon integrated 

resource planning both on a utility and on a regional level. The above mentioned modules of 
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Figure 12: !RPlanner - A set of tools to support Integrated Resource Planning 

MESAP ane the basis for the set of tools depicted in Figure 12. Additionally a module which 

explains consumer behavior will be added as well as modules to analy:re the effects of certain 

demand side management (DSM) measures. These modules will be linked to the·NE1WORK 

database. For DSM-screening the MESAP simulation model will be taken. Two options are 

available for integrated utility planning. Either an operation and expansion planning module 

will be improved by adding a detailed DSM-module or a DSM-model will be developed 

which can be connected to the existing operation and expansion planning models. In both 
cases a fmancial analysis module will be linked. The new optimization model ECOLOG. 
being developed on the basis of EFOM. will further be improved in order to support 

integrated energy planning. 
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4.8 LiCe cycle analysis 

Lire cycle analysis (LCA) is a method for the comparison of different energy supply systems 
that allows to quantify and evaluate the economic. environmental und social impacts. 
According to the German Federal Environmental Office (UBA) life cycle analysis can be 
subdivided into four tasks [37]: 

1. System Definition 
2. Life Cycle Inventory 
3. Impact Analysis 
4. Evaluation 

The flrst phase of a LCA is the Definition of the System to be studied. It includes as main 
duties the consistent making of assumptions and the consistent defmition of the system 
boundaries in order to allow a reliable comparision of different systems. 

The goal of the second step. the life Cycle Inventory. is the entire ca1culation of the systems 
inputs and outputs. Traditionally. a process-engineering tool is used to describe the technical 
system under study. But the endavour to investigate also the indirect material and energy 
flows fmally Jeads to an infmite number of processes being involved. For example the 
providing of capital goods like the extraction equipment requires itself the providing of 
energy, raw materials, capital goods etc. A possible way to avoid this difficulty is the use of 
input-output-analysis: The input-output-tables of a national ~onomy describe the entire 
production of the branches and the interdependenoes between them. By adding branch 
specific coefficients like emission factors, coefficients for waste disposal etc. to the ID-tables 
it becomes possible to take into account all material and energy flows caused by the 
production of a specific product [38). Actually, the MESAP simulation module PlaNet 
[23) described in chapter 4.1 is used to perform process analysis for different energy supply 
systems. Extensions will be made to include the input-output-analysis into the existing· RES 
technique. 

The third step of LCA is the impact analysis. The impact assessment model ECOSENSE 
which is a tool to examine the impacts of air pollutants (see chapter 4.9) is used to quantify 
environmental and human health impacts of the system inputs and outputs. 

The last step, called the evaluation. requires weight factors for each impact quantified in the 
impact analysis in order to allow to convert them into a single characteristic. Several 
different approaches are known to deduce weight factors. Here. the method of monetarisation 
is preferred which evafuates the impacts by taking into account costs of repair, costs of 
avoidence and willingness of the society to pay for the avoidence of the impact. 
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4.9 Impact assessment models 

Although cumulaled emissions are oflen referred to as the "environmenUII impact" from an 

energy syslem. emission figures might be a rather misleading indicator of polential effects on 

human health and the environmenl The Impact assessment model EcoSENSE currently 

developed at !ER is an inlegraled tool providing data and models ''''Iuired to quantify im­

pacts following a damage function approach. 

Pollutants emitted from a single source or a set of various emitters are traced through the 
environment. starting from the emissions, following dispersion and chemical conversion 
processes in the atmosphere down to the physical impacts caused on the exposed recepto"!. 

Figure 13 shows the scheme of such a so called impact pathway . 
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EcoSENSE in its present version provides two air transport models completely integrated into 
the sySlem: a Gaussian plume model is used to model transpon of pollutants from a single. 

high stack facility on a local rahge and a trajectory model for European-wide modelling of 

air transport and chemical conversion processes. Linking the results from air transport 
modelling to a set of dose-effect models (the present version includes impacts on human 

health. crops and building materials) leads to the quantification of environmenUII impaclS. 
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Additional dose-effect relationships can be easily added to the system. Because of the 

considerable uncenainties in the field of cause-effect mechanisms. this flexibility is a 
fundamental prerequisite to present the respective state of the art. 

In order to make physical impacts comparable and to bring them in line with economic 

parameters, an economic sub-module allows to attach a monetary value to each impact 

category. 

Meteorological data (except for data required by the local range Gaussian plume model) as 

well as receptor specific data like population density or land use are provided for whole 

Europe on the EUROGRID·formaL 

EcoSENSE is used in various studies on the assessment of external costs of energy systems. 
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S The MESAP databases 

The MESAP system conlJlins a series of databases as shown in Figure 1 in chapter 2.4. The 
NElWORK database is a case study oriented database that stores all infonnation necessary 
for the different models in a case study. The other databases are designed is infonnation 
systems that store general infonnation on technology data, energy statistics and emission 
records. These general centralized databases can be accessed from the NElWORK database 
in order to search for and to retrieve information to complete the case study data set 

5.1 The NETWORK database 

The NElWORK database [121. [131 conlJlins case study related data and represents the 
standardized interface between the different models and central databases involved in the 
analysis. A copy of this database exists for each case study. It will contain the structure of 
the reference energy system (RES) that has been established for this case study. In addition 
all relevant data necessary to perfonn the model runs will be stored in the NElWORK 
database. Finally the data set can be completed by adding historical time series data for the 
different model parameter and the sectoral demand data. The model run results will as well 
be stored in the Network Database in the same format as the input assumptions and data. The 
concept of this database has been presented in Chapter 3. 

The NElWORK database has been designed as modeling database and as infonnation 
system. This way once a case study involving model runs is finished. the remaining case 

study data set may be the foundation for the installation of an energy information system for 
the analyzed region. The case study data may be updated regularly and can slowly be 
supplemented and completed in the future. 

5.2 The lKARUS technology database 

The lKARUS technology database [141 is designed as infonnation system that conlJlins all 
technical and economic information for the known energy conversion technologies. The data 
is documented and validated. The technology database is a read only retrieval system that can 
be used when setting up a case study data set The necessary technical infonnation for 
conversion technologies defined in the RES can be directly looked up and retrieved from this 
infonnation system into the NElWORK database. 
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5.3 The energy information system ENIS 

The energy infonnation system ENIS [39] contains historical time series from various 

statistics. This infonnation can be retrieved and transferred to the NE1WORK database in 
order to facilitate projections of model parameters for different scenarios. During the analysis 
of model run results the planner can use ENIS to relate his results to historical trends. ENIS 

will not only provide historical infonnation but also allow to pedonn simple mathematical 
operations with these time series in order to calculate e.g. specific indicators such as the per 
capita energy consumption starting from the total energy consumption and the total 

population. Fmally ENIS allows to calculate energy balances from the stored time series. 

ENIS includes the possibility to analyze the data using structured queries and to graphically 

represent time series in line diagrams and histograms. 

5.4 The emission information system EMIS 

The emission infonnation system contai~s time series of emission data for poin~ line and 

area sources on various time scales. such as hourly, daily, monthly or yearly emissions. It 

contains also the emission factors for all pollutants for the different emission sources. Finally 
it offers the possibility to connect MESAP to a geographical infonnation system. 
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6 Status and perspectives of the MESAP development 

The MESAP system has proved 10 be a powerful and useful tool for energy and environ­
mental analysis and planning in many case studies. But if we want to cope with the great 
challenges ahead. the MESAP 1001 still needs some refmement Among those challenges is 
the global green house gas issue. whose analysis requires methods and tools 10 analyze the 
emissions of different energy systems in more detail and on a common basis. For this 
purpose the lools for life cycle analysis will be improved through the integration of 
dispersion models and environmental impact evaluation tools into MESAP. Also in the Held 
of quantifying external costs more research will be done in order 10 refme the methodologies. 
Other issues, such as the evaluation of energy or emission taxation policies require new tools. 
which analyze the energy sector and the economy in one consistent set of equations. This can 
be achieved by a general equilibrium model that is being developed at the momenl 

In developing countries Ihe analysis will focus on the 1inks and feedbacks of the energy 
seclor with agriculture. industry and transport. The MESAP modules will be refmed 10 
integrate aspects of infrastructural development and international economic relations into the 
analysis. 

Other modules of the MESAP package will be enhanced. The investment calculation module 
(INCA) will have access 10 the lKARUS technology database via Ihe NE1WORK database. 
The optimization tool will be enhanced to address co-generation issues. the temporal 
flucluation of demand and supply and non-linearities. The fealures of the MESAP-analysl 
will be complemented by additional decision suppon capabilities. A graphic oriented network 
monitor will allow to design the energy network on the screen and it will offer the possibility 
to visualize the results in a graphical representation of the network. New decision suppon 
features will be incorporated. which assist the planner in the scenario. strategy and policy 
developmenL This wiU include donsistency checks. sensitivity analysis and result evaluations . 

• 
Additionally already existing and approved planning lools will be fuUy integrated 10 profil 
from the MESAP environmenL Finally the complete MESAP package is going to be vali­
dated in several ongoing case studies. 

Energy planning is a dynamic. continuous and iterative process. The same holds true for the 
developmenl of the MESAP planning system. The refinemenl of this planning 1001 will be an 
on-going exercise oriented toward robust energy and environmental decision making for the 
fu ture. 
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