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Abstract – In the scope of the revision of the Portuguese Tariff
Regulation, the Power Systems Unit of INESC Porto concluded
a consultancy study aiming at estimating the remuneration that
could be obtained by the Portuguese transmission provider
using Short Term Marginal Prices. This paper describes the
main principles behind the regulation of the transmission sector
in force in Portugal, details the model used to compute the
nodal marginal prices in the transmission network, presents a
comprehensive set of results for some scenarios in which the
year was organized as well as the estimate of the referred
remuneration. The data of the scenarios that were used is
publicly available in [1] and we adopted typical values for
generation costs of different thermal plants. At the end, the
paper includes some conclusions as well as some ideas of
future work aiming at improving the quality of the estimate of
the marginal based remuneration.

I. INTRODUCTION

The ongoing reregulation process of the electric industry had
consequences both at organizational and regulatory levels. The
first experiences in this area clearly pointed to the creation of
competitive wholesale markets organized in terms of pool
mechanisms as a way to organize the relations between
generator entities and distributors or large consumers and to
introduce competition in the sector [2]. It was only afterwards
that the possibility to choose the supplier was brought closer to
the end consumers either by reducing the eligibility levels or by
introducing the concept of retailer decoupled from the
possession of distribution assets. In any case, it was very clear
since the beginning that the conditions of access to the
networks were a crucial aspect in order to develop electricity
markets. The need to turn these access conditions transparent
and fair to all users lead, in the first place, to unbundle
traditional vertically integrated companies in order to separate
generation assets from transmission network activities and from
the distribution sector. Transmission network activities started
to be considered a service to be used by several agents and that
should be paid accordingly. The need of transparency and
technical accountability of decisions lead to the creation of
Independent System Operators responsible for the technical
operation of the system and, in some cases, for some interaction
with Market Operators.

This clear separation between transmission network activities
from generation, distribution and eligible consumers was, in a
second step, also applied in the distribution sector. In this case,
distribution network activities were decoupled from retailing
activities leading to the creation of purely commercialization
companies not owning network assets nor responsible for the
operation, maintenance or expansion of the networks. This
means that, from this point of view, the situation is very similar
at the transmission and distribution levels. In both cases, there
are network activities and services usually provided in a natural

monopoly basis and in a national or regional geographical area.
In both cases, there are a number of users in terms of
generation companies, retailing entities and end consumers that
in whatever way should pay tariffs for the use of network
assets. This organizational evolution of the electricity sector
clearly indicates the need to regulate transmission and
distribution network companies since they are not subjected to
competition. Regulation can be defined as an activity in which
one aims at establishing rules and principles for a company or
entity to act in a sector of society eventually leading to changes
in the behavior of those agents. This can be accomplished by
setting prices, remunerations, quality of service indices,
investment levels, access conditions, … In a more closed sense,
tariff regulation should ensure the economic conditions of
network companies while promoting economic and technical
efficiency, the increase of quality of service levels and a more
stable and less volatile environment. Tariffs for use of networks
should be set in order to remunerate a number of costs namely
in terms of operation, maintenance and expansion. These costs
can be organized in terms of short or long term, fixed or
variable according to the use of networks. They can also be
explained or evaluated by several variables and they are
certainly influenced by a number of factors as the voltage level,
the type of networks, the density of consumers and of loads.

Regarding regulatory policies, the typically used strategies
correspond to the Cost of Service/Rate of Return – CoS/RoR -
approach, and to Incentive Mechanisms either by imposing
Price Caps, Remuneration Caps or by Benchmark or Yardstick
Regulation. Traditionally, CoS/RoR is adopted for transmission
companies since they usually have good technical and
economic performances and the share of their costs in the price
of the final product is typically low. Apart from that, there is
little danger for over or under investment situations since
transmission networks are typically well established given the
large investments directed to this sub sector in the past. On the
contrary, distribution network companies typically have poor
records in terms of economic and technical performances and
they usually require large investments to improve quality of
service and to increase automation levels. This usually leads to
the adoption of incentive regulation strategies. In any case, it
remains the question of conceiving tariff mechanisms to
remunerate network companies for the approved costs or
remunerations whatever regulatory strategy is adopted. The
available literature refers a large number of methodologies to
allocate costs to network users leading to three main groups:

- Average Methods either based on power flow studies
or not. These methods are usually simple but their
application can be subjective and not robust from a
technical or economic point of view. In this class of
methods we have Postage Stamp, Contract Path,
MW.Mile, Use, Dominant Flow and Zero
CounterFlow;
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- Incremental Approaches that are based on a
comparison of two situations considering and not
considering the transaction whose impact in the
network one aims to evaluate. These are transaction
based approaches easily implemented when a reduced
number of transactions is present but rather complex
in real situations when this number is large and the
incremental cost depends on the order under which
each transaction is treated;

- Marginal Approaches leading to the computation of
nodal prices [3] reflecting the variation of the cost
function if the load in node k is increased of 1 unit.
These prices can reflect either short term or long term
problems depending on the time horizon and on the
costs included in the associated optimization problem.
In any case, they give ideal short or long term signals
regarding the most efficient use of the networks.

Short Term Marginal Prices for active power reflect operation
and congestion costs and can be computed as a sub product of a
DC based OPF problem. These prices are very attractive in an
open market environment given the economic signals they
transmit but they have some drawbacks related with:

- their volatility – dependency on load level, generation
policy, reliability and topology of the network;

- the revenue reconciliation problem due to the fact they
do not reflect investment costs thus leading to recover
a reduced amount of the approved remuneration;

- the increase of the marginal based remuneration if the
network gets more degraded. The enforcement of
minimum quality of service levels and investments
plans can minimize this pervasive effect.

In this paper, we describe the current regulatory situation of the
transmission Portuguese sector as well as the current tariff
framework in force to remunerate the transmission provider. In
Section III, given the properties of short term marginal prices,
we describe the approach adopted to estimate the marginal
based remuneration of the Portuguese transmission provider
considering a number or realistic operation scenarios of the
system. This evaluation is based on the computation of Short
Term Marginal Prices using a DC based OPF approach and
reflecting generation costs, losses, congestion and power not
supplied. It should be emphasized that it was not the purpose of
this work to suggest changes to the current regulatory scheme
in force in the Portuguese Transmission Sector in what
concerns the determination of the global yearly remuneration
that must be obtained by the provider. In fact our only concern
was related to simulate new ways of recovering that
remuneration apart from the currently used Postage Stamp
based tariffs. Section IV includes results obtained for the
Portuguese transmission grid and some comments on those
results. Section V presents some conclusions and suggestions to
increase quality of the referred estimate. As a final indication,
these results were obtained in the scope of a consultancy work
developed by the Power Systems Unit of INESC Porto to
ERSE – the Portuguese Electricity Regulatory Agency – as a
contribution to the process of reviewing the current tariff
regulation schemes. The complete results that were obtained in
this consultancy work are available in [4].

II. CURRENT REGULATORY SCHEME

The Portuguese electricity industry was till 1995 organized in a
vertical and integrated way around EDP – Electricidade de
Portugal S.A. By then new legislation was passed leading to the

creation of an holding company and several child companies
devoted to large thermal and hydro generation, to transmission,
and four regional distributions companies as well as a number
of others directed to some specialized areas of business and
services. In terms of regulation the industry is organized in a
public driven sector and a market one. In the first one, the
referred large thermal and hydro company, two companies
operating a combined cycle and a coal fire plant and the four
distribution companies – that in the meanwhile were merged in
a single one – are linked to transmission company by long term
contracts. The market driven sector would integrate eligible
consumers, and generators and distributors not subjected to the
referred long term contracts. The generation from renewables,
or cogeneration was liberalized back in 1988 and there is
specific legislation imposing that the public system buys the
energy from these entities and that the extra costs are allocated
to all clients of the system both public and market driven.
Meanwhile, the EDP holding started to be privatized so that,
since mid 2000, the majority of the shares are private. In order
not to reduce the transparency of the operation of the system,
the transmission company was separated from EDP holding and
constitutes today a majority state owned company.

Apart from this organizational reform, another major change is
related to tariff regulation. In 1998 it was passed a new Tariff
Regulatory Scheme leading to the creation of a Global Use of
System Tariff and Tariffs for Use of Transmission and
Distribution Networks. These tariffs enabled several agents to
use the networks and to establish contracts away from the
referred long term scheme. The regulatory scheme of the
transmission company is based on a Cost of Service/Rate of
Return basis and the remuneration is obtained from Postage
Stamp based tariffs considering:

- a discrimination in terms of voltage level leading to
Tariffs in Extra High Voltage and High Voltage
Networks;

- prices for power (PTE/kW.month) and for reactive
energy (PTE/kVAr.h) received or supplied. The price
for power is applied to the power obtained using
average values for peak and full hours in each month.
The price for supplied reactive energy is applied to the
inductive energy that exceeds 40% of active energy in
off valley hours. The price for received reactive
energy is applied to all reactive energy received in
valley hours.

III. EVALUATION OF THE MARGINAL BASED
REMUNERATION

A. Marginal Based Remuneration

As it was already referred, it was not the objective of this work
to question the way the global yearly remuneration of the
transmission provider was determined. We simply aimed at
testing alternative ways of recovering that remuneration if
possible more efficiently from an economic point of view.
Using marginal nodal prices and accepting that each generation
entity at node k is remunerated using the nodal price at node k
and that a consumer at node k pays the energy at the nodal
price at node k, then the Marginal Based Remuneration can be
estimated using (1). In this expression NSC is the number of
generation/load scenarios considered along the year, NNodes is
the number of nodes of the network, ikρ  is the marginal price
of node k in the scenario i, LikP  and GikP are the load and
generation in node k in the scenario i and id  is the duration in
hours of the scenario i.
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The remuneration given by (1) using Short Term Marginal
Prices usually corresponds to a small percentage of the
regulated remuneration. This comes from the fact that the
objective function of the optimization problem leading to Short
Term Marginal Prices does not include investment decisions. It
assumes that there is no change in the components installed in
the system in the short run so that we are only concerned with
short term operational problems – minimization of the cost of
supply, taking into account branch limit constraints and losses.
In references [5] and [6] the authors indicate percentages from
10 to 30% of the yearly regulated remuneration that can be
recovered by Short Term Marginal Prices. In these cases, the
remaining remuneration must be allocated to network users by
other approaches in order to solve what is known as Revenue
Reconciliation Problem. As the robustness of the transmission
network is larger, the Marginal Based Remuneration MBR
given by (1) is more and more reduced in the sense that
expansion investments were made eliminating bottlenecks in
the transmission system contributing to reduce losses and to
turn Nodal Marginal Prices more homogeneous along the
network. Given these ideas, the main objective of this
consultancy work was to calculate nodal marginal prices for
typical operational scenarios of the Portuguese
Generation/Transmission system in order to evaluate the
interest of implementing a marginal based term in the tariff for
use of the transmission network. In this work, we did not
discuss nor presented any alternatives to the current CoS/RoR
sheme regulating the transmission provider. Accepting the
yearly regulated remuneration, we only wanted to investigate
alternative methodologies to the currently used ones to obtain
the same amount.

B. Computation of Nodal Marginal Prices

The Marginal Price at node k and at instant t can be defined as
the impact in the objective function of the related optimization
problem due to the increase of the load at node k by 1 unit.
Nodal marginal prices are very volatile so that one can talk
about instantaneous prices in the sense that alterations in the
load of the system, in the dispatch policy or the components in
outage or in scheduled maintenance originate changes in the
nodal prices. These prices typically display a geographic
dispersion – prices are higher in predominantly load areas when
compared with the prices in predominantly generation ones.
This characteristic is used as referred in Section III.A to
recover a percentage of the regulated remuneration of the
transmission company.

The optimization model used to compute the nodal marginal
prices for each scenario corresponds to a DC based formulation
aiming at minimizing the generation cost subjected to a global
generation/load balance equation and to generation and branch
flow limit constraints [7] and [8]. This model corresponds to
(2) to (7). In this formulation:

- kc  is the cost of generator in bus k and G is a value
larger than any kc  representing the cost of Power Not
Supplied, PNS. kPg  represents the generation in bus k;

- equation (3) balances generation and load, given that
kPl  is the load in node k;

- constraints (4) and (5) impose bounds to the generation
and to the Power Not Supplied in node k;

- constraints (6) and (7) impose limits on the active
power flow in branch b, considering that bka  is the DC
sensitivity coefficient of the flow in branch b regarding
the injected power in node k.
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Until now, the model does not integrate any estimate of
transmission losses. An approximation of these losses can be
evaluated using expression (8) in which ijg  is the conductance

of branch ij and iθ  and jθ  are the phases in nodes i and j.

)cos1.(g.2Loss ijijij θ−≈ (8)

Once a first DC-OPF problem is run we can evaluate phases
and losses in all branches. Half of the losses in each branch can
afterwards be added to the load in the extreme buses of that
branch. The change in the load pattern determines a change in
generations computed by running a new DC-OPF study. After a
generally small number of DC-OPF runs like this the process
converges since phase angles between two successive iterations
are close enough.

In a general way, the spot price in node k is given by (9)
meaning that we are interested in computing the effect in the
cost function f due to a change in the load in bus k. This value
can be calculated using the dual variables of some constraints
in the previous formulation. For this particular formulation, the
Short Term Marginal Price in node k is given by (10).
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In this expression:
- γ  is the Lagrange multiplier of the generation/load

balance equation;
- the second term measures the impact in the cost

function of changing transmission losses – that have to
be balanced by new generation – due to the increase of
1 unit in the load of bus k;

- the third term represents the influence of the bounds
imposed to the branch flows. When a constraint (6) or
(7) is active the corresponding dual variable η  is not
zero. The impact on the cost function f of the required
redispatch actions are given by product of η  by the
derivative of the flow in that branch regarding the load
in node k. This derivative corresponds to the symmetric
of the sensitive coefficient of that flow regarding the



injection in node k which is in accordance with
constraints (6) and (7);

- finally, the fourth term corresponds to the dual variable
of constraint (5).

C. Modelling Assumptions

When computing the nodal prices, special concern was given to
the generation profile and to the generation costs due to the
hydro thermal mix of the Portuguese system and to the variable
generation pattern that typically exists along the year.

Regarding the generation costs of thermal plants it is important
to note that the Portuguese generation system has coal plants,
fuel plants and combined cycles whose characteristics have to
be considered. For these stations, we used typical values since
real ones were not available. Regarding hydro plants, since
there was no information about the value of using water or
about the water management policy, we decided to include
narrow generation ranges for hydro units (constraints (4) in the
optimization model). These ranges were included in order to
enforce the results of the optimization DC OPF runs so that
they are coherent with the data available in the generation/load
scenarios used to discretize an year of operation.

Regarding the generation/load scenarios reference [1] includes
information about the following six scenarios referred to the
year 1998 (these were the most updated ones at the time):

- Peak Wet Winter and Valley Wet Winter scenarios,
PWW and VWW;

- Peak Dry Winter and Valley Dry Winter scenarios,
PDW and VDW;

- Peak Dry Summer and Valley Dry Summer scenarios,
PDS and VDS.

In order to reduce the very discrete nature of such
representation there were built 9 new scenarios fully
characterized in the final report of the referred consultancy
study [4]. These 9 new scenarios correspond to:

- Peak Wet Spring/Autumn and Valley Wet
Spring/Autumn scenarios, PWSA and VWSA;

- Peak Dry Spring/Autumn and Valley Dry
Spring/Autumn scenarios, PDSA and VDSA;

- Full Wet Winter and Dry scenarios, FWW and FDW;
- Full Wet Spring/Autumn and Dry scenarios, FWSA

and FDSA;
- Full Dry Summer scenario, FDS.

Once the DC-OPF runs were completed for all these scenarios
the marginal based remuneration obtained for each of them was
weighted considering the duration of peak, full and valley
periods and by the probabilities of wet and dry seasons. The
final value obtained by the summation of 15 partial marginal
based remunerations corresponds to the Marginal Based
Remuneration along an average year. At this point, it is
important to notice that the Marginal Based Remuneration
obtained this way will certainly be smaller than the real value.
In fact, in our simulations we assumed that all system
components – essentially generators, lines and transformers –
have an ideal behavior, that is, they are always available. For
sure, outages lead to more stressed operation conditions during
outage periods so that the geographic dispersion of nodal
marginal prices can increase also leading to an increase of the
Marginal Based Remuneration.

IV. RESULTS ON THE TRANSMISSION
PORTUGUESE GRID

A. Network and Data

In the year 2000 the Portuguese Public Driven Generation
system included about 40 stations that can be gathered as
follows:

- hydro plants – 3903 MW;
- thermal coal fire plants – 1776 MW;
- thermal fuel plants/thermal gas – 1852 MW;
- thermal fuel plants/thermal natural gas – 236 MW;
- thermal natural gas – 990 MW.

Apart from these, there are about 272 MW of market driven
generators and about 1404 MW of dispersed generation (small
hydros, wind parks and cogeneration) mainly connected to
distribution networks. The plants are located in a fairly
irregular way along the territory. Hydro plants are located
predominantly in the north part while thermal ones are located
all, except one, in the central and southern areas. This pattern,
together with a 400 kV interconnection in the north and another
in the south determines very different operation conditions in
wet winters and dry summers. In wet winters large flows come
from the north to the south and in typical dry summers this
situation is reverted. In the year 2000 the energy consumption
was 35109 GW.h and the peak power was 6557 MW.

Fig. 1 – Representation of the Portuguese 400/220/150 kV
transmission grid including the Marginal Prices in some nodes

for the Peak Dry Summer – PDS – scenario.
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The transmission provider operates 400 kV, 220 kV and 150
kV lines with the lengths of 1233,9km/2356,9km/2399,6km.
The total transformation power is 16652 MVA. Figure 1
displays a geographic representation of the Portuguese
Transmission System.

B. Nodal Marginal Prices

The DC-OPF formulation was run for each of the referred 15
generation/load scenarios in order to compute the respective
nodal marginal prices. In Tables I, II and III we present the
nodal marginal prices in some nodes of the grid for the 15
scenarios in order to illustrate the variability of these values.
The complete set of nodal marginal prices for the 15 scenarios
is published in reference [4] available in http://www.ERSE.pt.
Some of these values are displayed in Figure 1 for the Peak Dry
Summer – PDS – scenario.

Table I – Nodal Marginal Prices ($/kWh) in 5 scenarios .
Scenarios

node PWW PDW PWSA PDSA PDS
Alto Lds. 4,124 4,700 3,481 4,421 4,700
Alto Rbg. 4,037 4,691 3,525 4,456 4,780
Caniçada 4,081 4,710 3,520 4,457 4,774
Carrapatelo 4,134 4,768 3,511 4,464 4,968
Bemposta 3,949 4,642 3,442 4,377 5,010
Miranda 3,835 4,568 3,381 4,335 4,954
Pocinho 4,052 4,717 3,489 4,434 5,108
Valdigem 4,098 4,744 3,495 4,448 4,949
Cabril 4,003 4,719 3,603 4,520 9,193
Ermesinde 4,239 4,805 3,549 4,492 4,418
Guimarães 4,173 4,757 3,523 4,462 4,779
Pereiros 4,293 4,916 3,640 4,588 6,106
Mourisca 4,312 4,946 3,636 4,600 5,658
Falagueira 3,956 4,882 3,535 4,575 9,273
Pracana 3,933 4,880 3,523 4,572 9,272
C. Pego 4,290 4,730 3,520 4,381 4,370
Rio Maior 4,348 4,751 3,563 4,418 4,421
Carregado 4,400 4,729 3,571 4,400 4,495
Fanhões 4,402 4,767 3,587 4,427 4,511
F. Ferro 4,402 4,722 3,582 4,387 3,031
Porto Alto 4,366 4,778 3,603 4,452 13,611
Palmela 4,364 4,680 3,555 4,361 2,986
Setubal 4,374 4,691 3,561 4,369 2,995
Sines 4,302 4,615 3,497 4,289 3,045
Estoi 4,621 4,956 3,689 4,529 3,369

C. Remunerations

Using the complete set of nodal marginal prices in all grid
nodes obtained for each of the 15 scenarios, as well as the
corresponding generation/load pattern, it was evaluated the
related per/hour remuneration using (11). Table IV presents the
per hour remuneration for each of these scenarios. This Table
also indicates the duration of each scenario considering the
indications of the Tariff Regulation regarding the number of
peak, full and valley hours along the year and assuming a
probability of 0.5 for wet and dry years. The sum of the
remunerations obtained for all these 15 scenarios obtained
using (1) leads to the Marginal Based Remuneration of the
analysed year.
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Table II – Nodal Marginal Prices ($/kWh) in 5 scenarios.
Scenarios

node FWW FDW FWSA FDSA FDS
Alto Lds. 4,321 4,690 4,430 3,004 4,526
Alto Rbg. 4,299 4,843 4,438 3,074 4,611
Caniçada 4,257 4,799 4,438 3,053 4,583
Carrapatelo 4,312 4,711 4,463 3,047 4,599
Bemposta 4,210 4,597 4,481 3,077 4,635
Miranda 4,135 4,532 4,443 3,072 4,628
Pocinho 4,272 4,672 4,478 3,065 4,617
Valdigem 4,288 4,693 4,459 3,048 4,597
Cabril 4,350 4,787 4,487 3,098 4,347
Ermesinde 4,381 4,739 4,475 3,033 4,579
Guimarães 4,336 4,738 4,452 3,025 4,567
Pereiros 4,475 4,858 4,563 3,102 4,665
Falagueira 4,299 4,845 4,499 3,177 4,421
Mourisca 4,470 4,864 4,568 3,110 4,694
Pracana 4,284 4,849 4,495 3,183 4,415
C. Pego 4,310 4,556 4,326 2,892 4,392
Rio Maior 4,384 4,592 4,402 2,922 4,423
Carregado 4,400 4,551 4,400 2,890 4,400
Fanhões 4,416 4,586 4,417 2,915 4,411
F. Ferro 4,403 4,524 4,400 2,885 4,343
Porto Alto 4,426 4,617 4,440 2,948 4,415
Palmela 4,364 4,680 3,555 4,361 2,986
Setubal 4,383 4,503 4,379 2,873 4,328
Sines 4,306 4,421 4,296 2,819 4,250
Estoi 4,562 4,695 4,489 2,945 4,492

Table III – Nodal Marginal Prices ($/kWh) in 5 scenarios.
Scenarios

node VWW VDW VWSA VDSA VDS
Alto Lds. 2,692 3,511 2,928 2,901 3,135
Alto Rbg. 2,677 3,575 3,011 2,950 3,180
Caniçada 2,629 3,554 2,968 2,935 3,169
Carrapatelo 2,677 3,575 2,962 2,959 3,186
Bemposta 2,627 3,578 3,028 2,977 3,186
Miranda 2,578 3,580 3,001 2,976 3,186
Pocinho 2,658 3,589 3,000 2,981 3,190
Valdigem 2,664 3,571 2,967 2,958 3,181
Cabril 2,735 3,659 3,003 3,028 3,279
Ermesinde 2,716 3,541 2,948 2,927 3,158
Guimarães 2,689 3,529 2,942 2,917 3,152
Pereiros 2,782 3,706 3,021 3,060 3,295
Mourisca 2,755 3,671 3,012 3,032 3,267
Falagueira 2,627 3,715 2,990 3,070 3,332
Pracana 2,615 3,720 2,990 3,074 3,338
C. Pego 2,804 3,520 2,925 2,915 3,171
Rio Maior 2,814 3,498 2,934 2,906 3,155
Carregado 2,836 3,489 2,945 2,892 3,150
Fanhões 2,838 3,486 2,936 2,901 3,151
F. Ferro 2,856 3,440 2,916 2,879 3,130
Porto Alto 2,833 3,507 2,943 2,922 3,173
Palmela 4,364 4,680 3,555 4,361 2,986
Setubal 2,846 3,430 2,906 2,872 3,119
Sines 2,850 3,361 2,850 2,820 3,082
Estoi 2,936 3,470 2,930 2,900 3,175

D. Comments

The results obtained for these marginal prices and for the yearly
marginal based remuneration deserve some comments:

- according to the summary of results presented in Tables
I, II and III, it is possible to conclude that the Marginal
Nodal Prices display a large dispersion from one
scenario to another;
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Table IV – Per hour remuneration, duration and remuneration
of each of the 15 considered scenario.

Scenario Per hour Duration  Remuneration
Remuneration of the Scenario

(PTE/h) (h) (106 PTE)
PWW 556619,74 162,95 90,70
PDW 381666,29 162,95 62,19
PWSA 198446,84 260,71 51,74
PDSA 241646,86 260,71 63,00
PDS 3632738,54 195,54 710,35
FWW 285234,45 436,70 124,56
FDW 372445,90 436,70 162,65
FWSA 177936,84 938,57 167,01
FDSA 194710,82 938,57 182,75
FDS 313558,27 1003,75 314,73
VWW 159419,65 495,36 78,97
VDW 190417,49 495,36 94,33
VWSA 88239,08 990,71 87,42
VDSA 117588,40 990,71 116,50
VDS 103782,37 990,71 102,82

TOTAL 2409,70

- the Marginal Nodal Prices are relatively homogeneous
within each scenario. The main exception occurs in the
Peak Dry Summer scenario in which a larger
geographic dispersion is clearly identified;

- in any case, the per hour remunerations included in
Table IV show that the these values are larger in the
Peak scenarios, smaller in the Full and even more
reduced in the Valley ones. This is due to the larger
dispersion of Nodal Marginal Prices in the Peak
scenarios when compared with the dispersion in the
Full and Valley ones;

- using the durations defined in the Tariff Regulation and
assuming 0,5 for the probability of wet and dry years, it
was possible to obtain the durations indicated in Table
IV for each scenario and the corresponding Marginal
Based Remuneration. The values per scenario indicate
that nearly one third of the total Marginal Based
Remuneration is provided by the Peak Dry Summer –
PDS – scenario. This is in line with the fact that in the
PDS scenario Marginal Nodal Prices display a larger
geographic dispersion;

- the global yearly Marginal Based Remuneration
(2409,70.106 PTE) was finally compared with the
remuneration that would be provided in 1998 by the
Postage Stamp Tariff for Use of Networks as it is
currently in force. This Postage Stamp Remuneration is
in line with the regulated yearly remuneration. From
this analysis, it was concluded that the 1998 Marginal
Based Remuneration corresponded to about 9,15% of
the 1998 regulated remuneration;

- this very small percentage indicates that, if a short term
marginal tariff is created, a large Revenue
Reconciliation problem would arise. Therefore, it must
be discussed if the advantages from the adoption of this
marginal term are larger than the increased complexity
involved in the calculations;

- the reduced 9,15% percentage cleraly indicates that, at
least in 1998, the Portuguese Transmission Grid was
well planned and could not be seen as an element
preventing the establishment of market conditions.
Therefore the economic signals transmited by marginal
tariffs would be reduced for the 1998 scenarios. A

deeper discussion on this would require performing
simulations using generation/load scenarios for even
more recent years in order to check if the operation
conditions of the network got degraded meanwhile;

- a final word to the Tariff Uniformity Principle imposed
by the legislation passed in 1995. This principle must
be understood regarding the tariffs to be paid by
regulated end consumers of the public driven sector. It
is our understanding that this is not in force for Tariffs
for Use of Networks to be paid by the agents in the
Market driven Sector. In any case, the Tariff
Uniformity Principle should be discussed in a more
global way since it corresponds to a global legal cross-
subsidy situation in the public driven sector.

V. CONCLUSIONS

From this exercise and according to the model used, the
assumptions described above and the adopted typical thermal
generation costs, the Marginal Based Remuneration was
estimated to correspond to 9.15% of the global yearly regulated
remuneration that would be obtained in 1998 with the
application of the tariffs for Use of Transmission Networks
currently in force. A large amount of this marginal based
remuneration is obtained for a particular scenario – Dry Peak
Summer Hours. In the other scenarios the geographic
discrimination of nodal marginal prices is very reduced
meaning that the transmission system is generally far away
from congestion and that losses are not relevant. According to
the results obtained there are however some specific small areas
where prices are much higher than in the rest of the system
almost creating economic islands due to congestion in the
interfaces. Finally, it should be emphasized that the Marginal
Based Remuneration was estimated considering that all system
components were fully available all through the year. Since the
life cycle of components imposes outages, we are now working
on evaluating the Marginal Based Remuneration within a
chronological Monte Carlo simulation considering failure and
repair rates of components.
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