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INTEGRATED RESOURCE PLANNING - A LONG
AND WINDING ROAD

Abstract:

The separation of Croatia from former Yugoslavia and the military turbulence at its borders
during the last years caused a number of problems in the Croatian energy system. Resources for
improving the situation are scarce. So it is necessary to plan the rehabilitation and modernization
of the Croatian energy system in a way which includes all national resources nad allocates these
resources where they lead to the highest benefits to the national economy.

In this paper it is shown that Integrated Resource Planning (IRP) is such a method which enables
the rational use of national resources.

Also presented in this paper is a transparent and rational procedure which allows the energy
planner to support the decision maker in developing an energy policy under consideration of
interests of affected groups. This procedure is called Structured Analysis Procedure and step by
step leads from the problem formulation to the decision on which action is to be applied to solve
the problem.

INTEGRALNO PLANIRANJE IZVORA I POTROŠNJE
- DUGOTRAJAN I NEIZVJESTAN PUT

Sažetak:

Odvajanje Hrvatske od negdašnje Jugoslavije i nestabilno vojno stanje na njenim granicama
zadnjih su godina uzrokovali brojne probleme u hrvatskom energetskom sustavu. Malobrojni su
izvori kojima bi se stanje moglo poboljšati. Zato je potrebno planirati obnovu i modernizaciju
hrvatskog energetskog sustava tako da se obuhvate svi državni izvori i raspodjele tamo gdje će
najviše koristiti državnoj privredi.

Ovaj referat pokazuje daje integralno planiranje izvora (Integrated Resource Planning - IRP)
metoda koja omogućuje racionalno korištenje državnih izvora. U referatu se, također, opisuje
transparentan i racionalan postupak koji omogućuje energetskom planeru da pruži podršku
onima koji donose odluke pri razvoju energetske politike, uzimajući u obzir interese pojedinih
skupina. Ovaj postupak naziva se Postupak strukturalne analize i posebno vodi od formuliranja
problema do odluke o tome koje mjere treba primijeniti da bi se problem riješio.
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1. Background

The unstable political development and economic restructuring process led to a critical energy
situation in Croatia. The GDP dropped, investments were retained, unemployment increased
and the technological progress was very slow. On the other hand, the present economic
development of Croatia is promissing, because the GDP rate is growing since 1994 by
approximately 1 % and the energy- and especially electricity consumption is increasing as well
due to increased production levels.

The current situation is characterized by local shortages of electricity, an over-aged power plant
structure with poor performance data and relatively high specific energy consumption rates. The
current situation in the Croatian power system proves that considerable investments would be
needed both (and primarily) into retrofitting/rehabilitation of the existing system (partly obsolete
and additionally damaged by the war) as well as into new power facilities. In principle, all
segments of the power system, the generation, transmission and the distribution, are to be
given equal attention. For practical and most urgent reasons, a special attention should be
presently given to overcoming sincere problems caused by the fact that two principal
transmission rings of the former Yugoslavia and several hundreds of MW of power installed in
other (non)Croatian parts of the former Yugoslavia used for the power supply to Croatia, are cut-
off at present. Hence, substantial investments would be needed to ensure improved power
supply to Croatian consumers in the next 10 years.

The government guidelines the future development of the energy and environmental system in
Croatia. The objectives of the PROHES project include among other aspects privatization
schemes, Integrated Resource Planning (IRP), power generation expansion planning, regional
supply concepts, environmental policy as well as pricing and taxation strategies.

2. Introduction and Terminology of IRP

Integrated Resource Planning (IRP) is presently one of the most frequently used terms in the
context of energy sector restructuring and planning programs. As often as it is used as often it is
mis-understood and very rarely it's ideas are implemented.

Energy is an important parameter of the economic development, an essential factor of our social
and cultural life and indispensable for our welfare. On the other hand energy supply and
consumption is often coupled with negative environmental effects, requires large investments
and expensive infrastructures and is inevitably producing energy losses. The working
mechanisms of the currently implemented energy systems are complex and do not allocate the
full scope of available resources in an optimum way. IRP tries to contribute to the optimum
allocation of scarce resources on the supply side of energy production as well as on the demand
side of energy consumption.

IRP means to provide required energy services in the most efficient way, taking all available
resources, such as energy, labor, material, land, capital, environment etc. into consideration.
IRP means the integration of supply side and demand side measures. The supply side provides
reliable and safe energy in an economic and environmentally compatible way. The demand side
aims at an optimum temporal, spacial and effective allocation of final energy to provide the
demanded energy services together with other necessary inputs. IRP tries to minimize the
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utilization of all scarce resources, which are required to provide the desired service. The
resources considered include manpower, material, capital, the environment, material and other
inputs necessary to provide energy services. IRP means to plan, i.e. to design an imaginative
better future situation, where some of today's problems are at least partly solved. In IRP all
available resources and all feasible measures to improve the current situation are taken into
account and are evaluated on a common basis of uniform methods, evaluation criteria and frame
conditions.

In connection with IRP some other terms are used, which need some clarification. Compared
with the traditional planning, which is supply oriented, the aspects of demand allocation through
active measures are regarded in IRP as an additional option to reduce the overall cost of
providing energy services. The Least Cost Planning (LCP) approach was first initiated in the
U.S.A. and means a regulatory concept for the utility planning aiming at reducing the energy
costs for the clients. Energy conservation means to meet an energy demand with a minimum of
energy input. Energy conservation tries to reduce energy losses and to improve efficiencies.
Rational energy use means to reduce the energy input, required for the provision of a desired
energy service, to that level which is economically justified. Rational energy use considers all
required inputs to meet a given demand; the focus of interest is on the energy side.

2.1. Concept of Integrated Resource Planning (IRP)

In the planning process one tries to analyze and strategically influence the future development of
systems towards a desired goal. In order to do so, many resources are available. They include
manpower, financial resources, material, energy, knowhow, land, the environment, etc.

There are different perspectives, from which the IRP concept can be viewed: The IRP-concept
can be followed from the perspective of the energy utilities, distribution companies, end-users or
from an economic viewpoint of a governmental body. If IRP is seen from the national perspective,
the objective of IRP is to provide the legal framework in such a way, that the different agents,
which supply and consume energy, will minimize the required economic inputs of the whole
energy system within defined constraints.
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Figure 1: IRP in Electricity Planning
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The IRP process then includes the identification of proper ways and means to implement
efficient policy instruments. If IRP is seen from the perspective of a utility or from the consumer's
viewpoint, the objective is to minimize the financial expenses in the given legislative and social
environment.

With respect to the practical implication of the IRP concept, the basic idea of Integrated
Resource Planning is to complement the conventional supply oriented policy of energy utilities
with a planning actively influencing the demand side. Rational energy utilization should provide
the demanded services in the most efficient way.

The concept of integrated resource planning is based on three preconditions:

1 There is no demand for energy but the one for energy services.
2.The provision of desired energy services is presently done in a sub-optimum way

due to market imperfections and other hindrances. There is a potential for
economic energy savings.

3,The allocation of limited resources to provide a desired service can be improved, if
the agents interacting in the energy system are directly involved in the process of
energy generation, transportation and transmission, conversion, conservation and
in providing energy services.

Figure 1 represents the principal functioning of IRP with an example of electricity planning. The
target of minimizing the use of scarce resources is subdivided into two equally important action
fields. The objective of supply side planning is to meet the service demands at any point in time.
The objective of demand management includes the control of the levels, load curve shapes and
the load structure of the energy demand. The electricity sector is analyzed in detail in this
example, while the other sectors are treated in an aggregate way.

The demand side activities result in changes of electric load characteristics e.g. in a lowering of
the load curve (energy saving), in reduction of peak loads, load shifting, valley filling, etc.There
are various interactions of the planning of demand management and the planning of power
supply. The implementation of demand side measures have impacts on the operation of the
plants as well as on the expansion planning in the medium and long term. On the other hand, the
effect and the economy of demand side measures depend on the structure and operational
characteristics of the power plants. Especially the production pattern of renewables have a
major impact on the shape of the load curve due to the time fluctuation of the production.
IRP concepts analyze ways to reduce the needed installed power to generate the required
energy in each point in time. The provision of energy capacities is subject to the expansion
planning and the optimum temporal allocation of demand and supply configurations is subject
to operational planning of the IRR

3. The Policy Making Process

In energy planning a planning procedure is required, which allows to manage data, methods,
models, conflicting objectives, uncertainties, results and conclusions in a coherent and
structured manner. Additionally it should bring together the conventions and assumptions and
form a consistent case study. Structured Analysis Procedure (SAP) has been developed to
handle all these issues together.
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The following paragraphs will show the concept of SAP in a step by step manner, as illustrated in
Fig. 2. SAP starts with identifying the problems to be solved.
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Figure 2: Structured Analysis Procedure (SAP) of the Policy Making Process

3.1. Identify the Problem

To plan means to mentally design the future. Implicitly the imagined future situation is compared
with the present one. Planning implies a positive development. In the future plan today's
problems are at least partly solved.

The first step in the system analytic planning process is to analyze the present situation and to
identify the energy problems which are to be solved. In order to understand today's problems,
the historic development which led to the current situation should be examined. It is important to
learn in which social, political, technical or economic context the problem evolved. The first
estimate on the future trends of the problem's impacts should be made. A basic assumption for
the first estimate can be either that the present policy continues or that action is taken which may
have a negative influence on the problem. The dimension and importance of a proper solution to
a specific problem should be illustrated. The analysis should include consideration of which
group of persons are affected by the problem. The problem should be verbally described and
quantitative indicators should be given. Trend extrapolations may illustrate the problem's effects
in the future, if no action is taken.
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3.2. Set the Objectives

The major task of this step is to make clear which are the objectives of the planning process and
to separate the objectives from energy planning measures, strategies, exogenous factors and
restrictions:

- An objective is defined by the question, „what should be achieved by the planning
process?"

- A measure or strategy is the means to achieve the objective.
- Exogenous parameters are forces which influence the energy system under

investigation but cannot be controlled by the decision maker.
- Restrictions are certain limits, which are imposed on the system expansion and

operation
Restrictions determine the technical, political, social or environmental area of
feasible solutions of the proposed system development.

In order to solve the described problem, a case study should be undertaken. The case study
answers the question what would happen if this or that strategy of energy management were
applied to solve the described problem. The case study provides a systematic framework to
analyze how the described problem area can be improved in the future. Due to many
interactions in a complex energy system, its interdisciplinary nature and a large number of
agents involved, the solutions of the case study have to address a number of frequently
conflicting aspects. In a system analytical case study the objectives should be described and
also expressed in quantitative terms. Objectives should be formulated in pronounced
statements and correspond to the problems identified in the first step. In a multi-objective case
study, weights assigned to different objectives should be given. There should be a clear
distinction between objectives and restrictions.

3.3. Clarify the Object and Purpose of the Planning Case Study

The purposes of energy planning comprise a wide range of issues of operational, strategic and
policy oriented planning.

In operational planning, the proper management, running and maintenance of the energy
equipment or energy system is the center of interest. In most cases operational planning
requires detailed analyses on a component level and with a fine temporal resolution. The key
question of operational planning is: how to run the existing energy system at its optimum? An
example for an operational planning model is the dispatching program for heat and power
production PROFAKO.

In strategic planning the central question is which set of investments and/or actions is the
optimum strategy to meet the future energy service requirements. To some extent, operational
and strategic planning overlap; for example, operational characteristics of the system behavior
are required in both strategic planning and operational planning.

In policy oriented planning of IRP, the setting of the regulatory framework, the legislative basis,
standards, taxes, subsidies etc. are analyzed. The key question is: which policy instrument is
best suited to achieve the desired effects?

40



3.4. Specify the Scope and Limits of the Case Study

The scope of the case study should be defined in terms of the regional, temporal, and sectoral
scope as well as the level of technical and economic detail. A tool to illustrate the technical scope
and limits of a case study is the reference energy system (RES) technique. An RES is a network
diagram consisting of all kinds of fuel or other material flows that are converted in a network of
processes from the resources to the final energy and energy service categories.

3.5. Set Frame Data and Develop the Reference Energy System (RES)

Case studies in the energy field cover a series of different investigations. The basic assumptions
and frame data (i.e. agreements which are shared in all scenarios) for the various studies
covering different subjects should be harmonized in order to be able to compare the results on
the same basis and to synthesize the conclusions to one effective strategy. Basic frame data
include the time horizon of the study, base year and reference year, discount rate, regional
disaggregation and territorial limits, fuels and demand sectors etc.

In the same manner, the restrictions of the planning should be defined. Restrictions concern the
technical potentials and feasibility of energy equipment, political constraints, social acceptability
and environmental conditions. Restrictions may be dynamic in time or static.
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3.6. Develop Scenarios and Strategies

The future development of energy systems is characterized by a wide range of uncertainty,
which complicates the planning process. In the scenario approach, a range of possible future
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developments of the energy system is analyzed. The structured analysis procedure, SAR helps
to organize the assumptions on the future development of scenario parameters, strategic
options and measures in a systematic and consistent way. The purpose of the scenario analysis
is to base the decisions at stage today on a solid basis. The aim of the scenario analysis is to
identify those measures, which are in line with the optimization criteria within the range of
uncertain circumstances.

In order to capture the effect of uncertainties the systematic application of the scenario
technique with the scenario table is applied. Using the scenario table, which is illustrated in
Fig.3, the energy planner can describe exogenously uncertain parameters in the upper part of
the table and can set up scenarios for expected future developments of the pertinent data. In this
way it is possible to describe quantitatively the scenario conditions (or environment) that
influence the study, but which in turn cannot be controlled by the decision maker himself. The
scenario parameters are chosen in a consistent way within each scenario. The scenarios
describe the possible range of uncertain developments. The columns of the table represent the
prospective scenarios.

One scenario is valid throughout the study and the project team is bound by its agreements and
assumptions for all models and other calculations as well. A typical scenario parameter are
prices of imported energy which are controlled by the world market.

The lower part of the table Fig.3 describes active measures, which the decision makers can
undertake corresponding to the strategy chosen. A set of measures within one scenario is called
a strategy. Strategies are decision alternatives suitable to solve the respective planning problem.
The issue of laws and regulations, incentives, taxes etc. are typical measures. For example it
might be a strategy to introduce a tax for every ton of pollutants emitted and an additional tax for
every ton CO2 emitted while simultaneously subsidizing low emission technologies. A strategy
for increasing the energy efficiency might be to increase energy prices as a whole and subsidize
energy saving measures.

Modelling is then performed for all scenario/strategy pairs, which are called "cases" (see Fig.3).
The measures of the different strategies are iteratively reformulated until one strategy is found to
be "optimum" in all scenario environments. The iterations are done by means of sensitivity
analysis and parameter variation.

During sensitivity analysis it is simulated how the energy system would react on the alteration of
a certain measure in a certain "case". For example it can be shown how the energy system reacts
on a 5 $, 10 $ or 15 $ tax per ton emitted CO2 in a "stagnation-scenario - taxes-strategy - case".
The sensitivity analysis is performed to optimize one strategy.

During parameter variation either a scenario parameter or a measure is varied for all "cases". By
the variation of a measure the optimum magnitude of this measure independent from the other
measures of the strategies and independent from the different scenarios can be found. By
variation of a scenario parameter different strategies can be compared with respect to their
ability to cope with the possible range of future developments. For example it can be shown how
the energy system and the strategies would react when increasing or decreasing the crude oil
price, or when changing the price of electric power.

The strategy which gives the highest benefits in all investigated scenarios is then referred to as
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the robust solution and the conclusions drawn can be expected to be correct independently of
the future development of the exogenous scenario parameters.

3.7. Select Planning Methodologies and Tools

Computerized planning tools and energy models can support the analyst and planner to cope
with the conflicting objectives of a comprehensive, data intensive, multidisciplinary analysis
within a reasonable time frame.

3.8. Collect Data and Conduct the Analysis

The objectives of the case study as well as the methodologies and tools of the analysis define the
data requirements of the study.

Data acquisition can be done through existing statistical, technical and other information in
databases, statistical offices, utilities, governmental bodies and scientific institutions. In case the
required data are not available, the missing data can be estimated or collected through surveys
or through secondary sources. If the collected data are properly stored and administered, in
each iteration loop, the information base will be gradually improved and will alleviate the future
planning work. The RES may help to identify the required data. For each black box and for each
commodity line the necessary data may be specified and collated. The lines crossing the system
limit should be specified in terms of quantity, prices and restrictions.

3.9. Develop Policies

The aim of the policy making process is to support decisions which are suitable to solve energy
problems. The policy making process should contribute to decision making, which is done on a
rational and transparent basis. Planner, decision-maker and interested and affected parties must
interact in the policy planning process, if the resulting decision should be effective and
acceptable.

While the ultimate decisions are taken by a formal group of decision makers, the policy making
process is performed by three different task groups: the group of decision makers, the group of
energy planners and the interested and affected parties (lAPs).

In the last consequence, all energy planning and decision making is done for the benefit of the
consumers i.e. the lAPs. Therefore it is rational to introduce the lAPs with their ideas and biases
to the policy making process as early as possible, i.e. in the steps of identification of the
problems and the setting of the objectives. So there is the best chance that the result of the policy
making process will also be born by the lAPs.

Additionally, international financing institutions such as the World Bank have clear policies to
ensure that the issues and impacts of power projects on lAPs are fully identified and dealt with in
the planning process and throughout the project cycle.

The decision maker's task is to evaluate the planners conclusions according to his personal or
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social values and/or the preferences of the target group and the beneficiaries. He will
concentrate on the decision at stake today. This kind of task splitting alleviates the discussion on
the subject and allows to promote the process of finding a consensus in central points of the
energy policy among different agents.

3.10. Decision, Planning of Realization and Monitoring

The final objective of the planning process is to solve the identified problem. The problem may
only be solved if concrete action is taken. The result of the planning process can be that all the
measures cannot be set at the same time due to the limited amount of financial resources but
have to be initiated one after the other. What the decision maker needs then is an action plan
which tells him when to initiate which action. The actions should be feasible, publicly acceptable,
manageable and fit into the legal, economic, and social framework.

Also included in the action plan is which amount of money is due at which time and what are the
expected results of the set measures in every planning year.
Furthermore, a monitoring system is developed and implemented which registers the actual
impacts of the measures taken with the prospected impacts. The degree of problem solution can
be measured by comparing the measurable indicators of the identified problem with the
indicators of the objectives. This monitoring system gives the possibility to react on unpredicted
developments or to react on wrong modelling assumptions. It also helps to identify new or
unsolved problems and shows where there is need for more planning activities.
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