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Abstract

The VALORAGUA1 computer model was developed by Electricidade de Portugal (EDP)
in order to determine the optimal operation strategy of a mixed hydro-thermal power system
with an important share of hydroelectricity generation such as the one of Portugal. The model
has become the main tool used by EDP for planning the development and operation of its
power system. In recent years, EDP has acquired the ENPEP package and has become
acquainted with its use for integrated energy and electricity planning. The main goal of this
effort has been to incorporate in EDP's planning procedure an integrated approach for
determining the possible role of electricity in meeting the overall requirements for energy of
the country, with due account to the impacts (resource requirements and environmental
emissions) of alternative energy and electricity systems. This paper concentrates on a
comparison of the results of the BALANCE module of ENPEP for the electricity sector against
the simulation results provided by VALORAGUA. Suggested improvements to the
methodologies in order to overcome the divergences in results from these two models are also
advanced in the paper.

NATIONAL ENERGY PLANNING

In Portugal the establishment of a national energy planning and an energy policy involves
several organizations. These include the Presidency, several ministries and research
organizations, and the agencies in the energy sector that are responsible for the various forms
of energy. Representatives from these various agents integrate an Executive Commission, in
which the planning work is carried out for submission to the Government. The structure for
national energy planning and the various organizations involved are illustrated in Figure 1.

The methodology adopted for national energy planning in Portugal has a dual approach.
Integrated analysis of the overall energy sector is based on forecasts for the evolution of the
demand/supply balances, taking into consideration all forms of energy simultaneously. The aim
of this analysis is to provide overall strategies for the energy sector. Based on these overall
strategies, for each energy sector (oil, electricity, coal, etc.) a more detailed analysis is
conducted with emphasis on the determination of an equilibrium between the demand and the
supply alternatives available of the sector. Figure 2 illustrates this dual approach.

VALORAGUA means value of water in Portuguese
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Fig. 1 National energy planning organization

OVERALL ENERGY SECTOR (INTEGRATED ANALYSIS)

BASED ON FORECASTS FOR THE EVOLUTION OF DEMAND/SUPPLY
EQUILIBRIUM, ACHIEVED WITHIN AN INTEGRATED ANALYSIS.

SECTOR ANALYSIS (GAS, ELECTRICITY, COAL, OIL...)

BASED ON FORECASTS FOR THE EVOLUTION OF DEMAND/SUPPLY
EQUILIBRIUM, ACHIEVED BY EACH ENERGY SECTOR.

Fig. 2 National energy planning methodology
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At the level of the integrated approach, scenarios of macroeconomic development are the
basis of the analysis, considering also demographic information and the technological evolution
in industry. At the demand side, an analysis of the future energy requirements is performed
by means of econometric models. This demand is confronted with selected supply alternatives
in order to optimize the long-term evolution of the energy network. The impacts of the
proposed strategies for developing the energy sector are then evaluated in order to determine
any possible violation of a set of constraints associated with these startegies. Risk analysis of
the solutions is also carried out to determine any foreseeable problems that may be encountered
in implementing the proposed plans. Before initiating the process of formulating energy
policies, a final verification is made in order to determine whether the plan would comply with
regulations arising from international agreements (e.g. the European Union energy and
environmental Directives) and any other constraints. At each level of verification, it may be
necessary to correct some of the initial hypotheses for the sector's evolution if the proposed
plan does not meet certain constraints. The above process is illustrated in Figure 3.
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• Economic Evolution
• Demographic
• Industry Sector

BASE YEAR
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• RECENT EVOLUTION;
• FUTURE TENDENCIES.
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• LONG TERM ENERGY SECTOR EVOLUTION
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IMPACT ANALYSIS:

• FINANCIAL;
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Fig. 3 Integrated planning approach
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The sector approach implies a more detailed analysis of the expansion and operating
strategy of each sector, taking into account the available supply and demand options and the
applicable constraints for development of the given sector. The individual results for each
sector must be subject to a coherence analysis in order to ensure that development of all sectors
is made in a consistent basis and is also complying with the results of the integrated approach
previously mentioned. If coherence is not achieved, some sectoral activities need to be
analyzed again. Before formulating energy policies, if overall coherence is not achieved, it
may be necessary to restart some activities in order to correct the initial trend for energy sector
evolution. Figure 4 shows the various steps connected with this process.

SCENARIOS:
• Economic Evolution
• Demographic
• Industry Sector

SECTOR 1 SECTOR 2 SECTOR 3 SECTOR N

- BASE YEAR ENERGY DATA
- SECTOR RECENT EVOLUTION
•FUTURE TENDENCIES

DEMAND SIDE ANALYSIS:
• ANALYTICAL/ECONOMETRIC MODELS;
• LONG TERM ENERGY DEMAND FORECAST.

I
SUPPLY SIDE ANALYSIS:
• OPTIMIZATION/SIMULATION MODELS;
• LONG TERM ENERGY SECTOR EVOLUTION.

±
IMPACT AND RISK ANALYSIS:
• FINANCIAL & ENVIRONMENTAL IMPACTS;
• SENSITIVITY STUDIES

Restart some activities
in specific sectors).

Restart some activities
in order to correct, if
necessary, the initial
trend for energy
sector evolution.

COHERENCE ACHIEVED?

ENERGY POLICIES FORMULATION

Fig. 4 Sectoral planning approach
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However, in line with the market economy principles, the liberalisation movements are
affecting the energy sectors everywhere, namely the state owned services such as the
electricity and gas sectors. Thus, within the framework of energy planning studies, the
independent approaches are becoming more and more important due to the restructuring,
reorganisation and privatisation tasks that currently affect the energy sector. So, and once more,
it should be stressed the importance of the "coherence analysis" tasks before the formulation
of appropriate energy policies.

THE IMPORTANCE OF HYDRO RESOURCES

The Portuguese energy system is a small one when compared with the overall European
Union energy system (1.5% of total final energy consumption of the EU). With no primary
energy resources, namely the ones that are generally considered the support of the energetic
systems ( oil, coal and gas ), Portugal is considered as a "price-taker" in terms of energy
supply. The hydro resources are the most important endogenous energy resources, with a
significant share (about 40% share in average of hydroconditions) on the total electricity
generation. To give an idea of the current importance (unfortunately, decreasing in the future)
of hydro in Portugal, Figure 5 shows the estimated structure of the investment costs associated
with the electric sector development.
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Fig. 5 Distribution of investment costs of the electric power system
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One of the most important constraints that must be taken into consideration is the
obligation of complying with strict existent environmental rules, particularly having in mind
the dependence of hydroelectricity generation on the year of rainfall (herewith referred to as
hydro condition) and its consequence on the generation to be provided by the thermal
component of the power system. For instance, and due to very different hydro conditions, the
thermal power plant emission levels can vary in a 40% range or more as it can be observed in
Figure 6. Such impacts on the environmental side of the energy sector evolution can be
observed in any future configuration of the power system and, with a lesser importance, on the
overall energy system.

Fig. 6 Hydrological influence in atmospheric emissions

MODELING OF HYDRO RESOURCES: "BALANCE" VERSUS "VALORAGUA"

When a sector detailed analysis is performed, the supply side studies are based on the
use of several computer tools, with the WASP and VALORAGUA models being intensively
used for such purposes.

The VALORAGUA model was developed by Electricidade de Portugal (EDP) in order
to determine the optimal operation strategy of a mixed hydro-thermal power system with an
important share of hydroelectricity generation such as the one of Portugal. When properly used
in combination with the WASP model (IAEA's model for long term expansion planning),
VALORAGUA will lead to an optimal expansion plan and operating strategy for the power
system. Thus, the economic advantage of mixed hydro-thermal power systems having an
important hydro component is fully exploited.
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Because of the nature of the problem being solved by VALORAGUA and the degree of
detail used, some important information can be determined in relation to the solution of the
management problem. In fact, and as an example, the power output allocated by each hydro
plant to meet the demand in each load step can be obtained. For the sake of simplicity, in this
document all hydro energy was aggregated into three load steps (peak, intermediate and base
hours) and, for two different stages of the power system evolution. The results of the run of
VALORAGUA are presented in Figure 7. As can be seen in this figure, a greater concentration
of hydro generation at peak hours is foreseen (total capacity allocated for peak demand is
duplicated in a 20-year period) with the consequent reduction during off-peak hours.
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Fig. 7 'VALORAGUA' Hydro energy allocation

On the other hand, either within the framework of integrated planning approach (Fig. 3)
or within the coherence analysis in the sector by sector approach (Fig. 4), the BALANCE
module of ENPEP package is used. Being a model to be applied for overall energy systems
analysis, the description of the electric sector behaviour in BALANCE is less accurate in
comparison with other power system models such as the ones above referred to.

Consequently, the hydro energy allocation provided by BALANCE (see Figure 8) is
completely different to the previous one analysed with the VALORAGUA model for the same
power system configurations. All hydroelectricity is allocated at base hours of the load diagram
leading to an inappropriate contribution of hydro energy during peak hours. This result is a
straightforward consequence of the merit order criterion assumed by BALANCE and the almost
non existence of variable costs for hydro plants.
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F/g. 8 'BALANCE' Hydro energy allocation (case "A ")

From a comparison of the results obtained from VALORAGUA and BALANCE for one
possible future configuration of the power system ("2010"), some findings should be pointed
out:

• The inappropriate allocation of hydro energy leads to an inefficient use of
resources, namely the thermal units with very low utilization factors in order to
meet peak demand;

• The warning messages related to unserved demand provided by the BALANCE
model for all future power system configurations are meaningless because there is
no hydro capability to meet the demand during peak hours (about 70% of hydro
capacity is not used );

On the other hand, the output prices associated to the overall electric sector, also
including the transmission and the distribution systems, are correct. Thus,
BALANCE permits a fair competition between alternative energy forms at the level
of final energy.

Within the framework of an energy model like BALANCE, the competition between
different technologies using different energy forms are established at the final utilisation
energy markets. As examples, one can point out the space heating market both in the domestic
and services sectors or the steam demand in the industrial and services sectors. Depending on
the markets involved and associated with the level of useful energy consumption, electricity
is available at different voltage levels and at different prices as pictured in Figure 9. As can
be observed, all fixed and variable costs associated with different processes in the energy chain
are taken into consideration at the level where competition exists. Consequently, one important
feature when running such type of models, is the appropriate cost allocation over all energy
technologies/processes considered.
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Fig. 9 Electric sector network

In order to overcome the erroneous messages "installed capacity is not enough to meet
the demand" that are provided by the BALANCE model in relation to the operation of the
electric power sector, the following approach was analysed:

• Based on the results obtained from a detailed model such as VALORAGUA,
several hydro plants are considered. Each one will correspond to an aggregation
in terms of energy generation and power output provided during peak, intermediate
and base hours;

Associated to each of those "hydro plants" a fictitious higher value for the variable
operating and maintenance costs is considered;
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The previous definition for the "hydro variable costs" has to be adjusted during
successive runs in order to get an appropriate allocation for the hydro sub-system
generation. This a direct consequence of the merit order approach used in the
BALANCE model.

When such approach is applied in running BALANCE, some of the "modified" hydro
plants are loaded at different positions in the load duration curve as can be seen in Figure 10.
As a result, a better allocation of hydro resources is achieved, namely in the future power
system configurations.

Fig. 10 BALANCE hydro energy allocation (case "B")

To establish a comparison between the VALORAGUA results and the ones obtained
from BALANCE after the assumptions above mentioned, the contribution of the entire hydro
system is aggregated in three load steps, equivalent to peak, intermediate and base hours as
presented in Figure 11. It can be observed in this figure that the contributions of hydro
resources during off-peak periods are essentially the same and that only a small difference in
the maximum hydro power output appears. Obviously, a better thermal dispatch is also
obtained with BALANCE in this case.

VALORAGUA BALANCE (case "B")

MW 2010

17 71 100

%

Fig. 11 Comparison of VALORAGUA and BALANCE results based on "new' approach
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In conclusion, the application of the modified approach for running the BALANCE
model as discussed above, one can note the following main findings:

• The proposed approach leads to a better allocation of supply resources to meet the
electricity demand;

There is no need for more installed capacity in the power system in order to meet
the same forecasted demand as it was the case with the standard BALANCE
model runs;

However, because of the assumption of "hydro variable costs", higher electricity
prices are obtained at the level of final energy use, leading to a distortion on the
competition among different energy forms.

HOW TO ACHIEVE A COHERENT ENERGY SUPPLY7DEMAND BALANCE

A proper supply resources allocation is achieved in the electric power sector with the
procedures here above suggested. However, the main drawback is a higher electricity price at
different markets (see Fig. 9). As a direct consequence of less competitive electrical energy
(in average and only at the generation level, electricity prices are higher around 30%), the total
expected electricity demand will decrease as shown in Figure 12.
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Fig. 12 BALANCE results for the Electric sector

In terms of the overall energy sector, it can be observed a lower share of electrical
energy in the total final energy consumption when the two case studies performed with
BALANCE model are compared (see Figure 13):

In "case A" the associated costs of supply resources were well defined and a fair
competition is established at the final energy use markets. However, from
BALANCE model outputs warnings are obtained about unavailable capacity to
meet the forecasted demand .
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In "case B", where the variable O&M costs of hydro plants are modified in order
to obtain a more appropriate allocation in the load duration curve, the
corresponding share of electricity to meet the overall requirements for final energy
in the country is lower.

CASE "A CASE UB"

|BEIectric. DLPG PNG BFuel DOthers | | a Electric. PLPG PNG • Fuel P OthersJ
Fig. 13 Structure affinal energy consumption

In conclusion, the following methodology is here proposed in order to overcome the
problems related with an inappropriate allocation of hydro resources within the energy sector:

1) Taking into consideration other detailed hydro-thermal simulation models and the
approach here referred to as "case B", the BALANCE module can be used in
order to verify system power balance equations ( supply = demand ) .

2) Having satisfied the equation for the time period associated with the planning
horizon, that is to say, for all power system configurations, the BALANCE model
should be used with correct costs definition in order to avoid distortions in the
competition among different forms of energy.

Two objectives are achieved with such methodology (even acknowledging that a greater
effort is required to conduct several additional runs): fair share for the different energy forms
used in the energy market; avoided investment costs in more power stations related with
inappropriate use of hydro resources .

SUGGESTIONS FOR METHODOLOGICAL IMPROVEMENTS

In order to avoid either divergence in the results from the BALANCE and
VALORAGUA models, or even the distortion in the competition level for meeting the demand
for final energy, some possibilities/ideas are presented, as follows. Taking into due account the
estimated effort, two cases of improvements are suggested.

"EASY WAY"

Supposing that the methodological approach suggested by this paper (run the BALANCE
model under "case A" and "case B" as previously discussed) is accepted, several runs of the
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BALANCE model should be performed in order to get an acceptable solution of the dispatching
problem over the planning period as previously emphasized.

If time-dependent hydro "O&M variable costs" definition is available, the check of the
balance supply/demand resources in the power sector over the study period will lead a
considerable reduction of the needed effort.

"HARD WAY"

A more elegant approach would be the modification of the logic embedded in the
BALANCE model for the dispatching problem in order to properly allocate the hydro energy
under the load duration curve. Dependent on the hydro plant characteristics, namely the ones
relating to the available energy and power output, a better dispatch of existing plants can be
achieved if other methods such as the one used in the WASP model (MERSIM module) is
applied. Obviously, such a suggestion infers a greater effort in terms of resource person
requirements.

The above suggestions are summarised in Figure 14.

"EASY WAY"

USING PREVIOUS METHODOLOGY, BUT ALLOWING

THE POSSIBILITY OF DEFINING TIME-DEPENDENT

"hydro variable costs"

FEW RUNS ARE NECESSARY TO CHECK THE DISPATCHING
PROBLEM FOR THE ENTIRE PLANNING PERIOD —

• "HARD WAY"

TO IMPLEMENT A NEW ELECTRICAL DISPATCH ROUTINE

IN A WAY THAT EACH HYDRO PLANT (or a set of plants)

WILL BE ALLOCATED ACCORDING TO THEIR

TECHNICAL "PERFORMANCE"

(ENERGY/POWER OUTPUT)

ex: MERSIM logic for hydro dispatch;
SEGMENTATION METHOD (SEGME7) ...

Fig. 14 Suggested Enhancements to the BALANCE Approach
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If it is decided to make substantial improvements on the logic of the BALANCE model
of the ENPEP package, and in order to take into consideration recent changes that involve the
energy sector in general, further suggestions for enhancements are listed as follows:

A. Within the re-structuring processes occurring in the electricity and gas sectors world-
wide, the role assumed by Independent Producers (IPP's) in the operation of the power
system is rapidly growing. As a consequence, the number of Power Purchase
Agreements (PPA's) between producers and the organisations responsible for the
operation of the grid is growing. In such type of contracts, several constraints are
imposed either to the IPP or to the grid manager. One very common constraint is linked
to the obligation of "minimum supplies" or "minimum utilization factor" for those power
stations with the consequent impacts on the primary energy resources. In this way, such
capability once introduced in the BALANCE model will certainly enhance its
possibilities of application to several energy systems.

B. Constraints affecting power systems operation are strongly dependent on particular
situations of the country or region. Sometimes such constraints are in conflict with the
economic merit order rule embedded in most of the energy /power system models thus,
affecting their application to specific situations. In order to overcome such difficulties,
the possibility of considering a "user merit order" in BALANCE model will be an
additional feature to face some particular energy sector constraints.

C. Finally, a completely different approach is suggested for handling the electric sector in
the BALANCE model, as followes. One can assume the existence of different electricity
markets in terms of generation: the peak hours market; the base hours market; the
intermediate hours market. The types of candidates competing for large utilization
factors (base load plants) are different, in terms of economic and technical characteristics
from the plants competing during the peak hours (peaking plants). The remaining
capacity of the baseload plants not used during the baselaod hours for any reason (wet
hydrological year, increase in fuel costs,...) could be used during the intermediate zones
of the load diagram. Following this reasoning, the power plants will compete to meet
the demand in each of these electricity markets taking into account all relevant technical
and economic variables. That is to say, the competition will be based on total generation
costs (investment included) instead of variable operating costs. In this way, the typical
load base plant will not be competitive at peak hours due to high investment costs and
low utilization factors when compared with peaking units such as gas turbines.

Some of these ideas are summarized in Figure 15.
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OTHER IMPROVEMENTS
CONCERNING ELECTRIC SECTOR

• POSSIBILITY OF DEFINING "MINIMUM QUANTITY"
CONSTRAINTS (PPA'S)

• POSSIBILITY TO CONSIDER "USER MERIT ORDER'

INSTEAD OF "ECONOMIC MERIT ORDER" WITHIN

DISPATCH PROBLEM

• POSSIBILITY OF COMPETITION AMONG FUTURE
CANDIDA TES (INVEST + FUEL + O&M costs).
NEW METHOD ?

Fig. 15 Further suggestions for improvements of the Electric sector representation in BALANCE
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