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By analysing Portugal’s electricity production profile with special regard to existing reversible
hydroelectric reservoirs and currently installed wind power capacity, I shall try to draft a potential
for energy and cost savings opportunities.a

I. ABSTRACT

There has been an increasing concern in developed
countries over carbon dioxide emissions due to human
activity in recent years. This has led to a massive devel-
opment and deployment of renewable energy technologies
regarding the production of electricity in order to dimin-
ish the traditional fossil fueled power plants contribution
to the electricity production mix.[1][2]

This situation arises a set of new problems regarding
the specific characteristics of these energy sources about
availability, scale and intermittence which reflects to eco-
nomic feasibility.[2] In this regard, a popular renewable
energy source explored by developed countries, represent-
ing the biggest cut in preventing carbon dioxide emissions
is wind power accounting for 11% carbon dioxide reduc-
tions worldwide.[3]

On the other hand, unlike traditional fossil fueled elec-
tricity production, wind power is highly intermittent and
unpredictable and therefore, not accounted for when de-
signing an energy mix since its availability dependence
could theoretically result in massive blackouts or power
shortages.[4]

In this article, I shall analyse this situation in the
constraints of Portugal energy policies and also provide
a draft study of the possibility of minimization of this
problem through a wind power hydroelectric cooperation
scheme in which wind power is stored as hydroelectric po-
tential energy through pumping during no demand hours
in order to use it during peak hours later allowing possi-
ble savings.

II. INTRODUCTION

Portugal is also a top wind power producer, having
produced about 10000 GWh per year over the last three
years which covers about 20% of Portugal’s electricity
production needs. Portugal is a top wind power adopter,
having an installed capacity of 4194 MW , which repre-
sents about 40% of renewables total capacity and 23% of
total capacity and 40% of this capacity was installed in

a Portuguese electricity statistics references from REN publicly
available data unless stated otherwise.

the last 5 years. This represents a maximum production
value of about 100 GWh per day with an annual average
of about 20% to 30% of this value which is equivalent to
800 MW to 1200 MW of effective average capacity over
year. However, this is an annual average raging daily
production values from 5% to 80% which is the root of
the intermittence problem regarding wind power.[5]

Wind power in Portugal is covered by a special protec-
tion legal scheme called Produção em Regime Especial
therefore mentioned as P.R.E. which guarantees the pur-
chase of all energy produced regardless of need at a price
calculated through the average cost of electricity in for-
mer years in the liberalized market and other reference
data. The added costs of this scheme are then linearly
distributed through the electricity consumers. This re-
sults in wasted electricity and added costs of electricity.[8]

Despite its big percentage of wind power based in-
stalled capacity and production, most of Portugal’s tra-
ditional fossil fuel power plants remain active to this day
despite a rather slow increase in electricity demand in
this country over the last 5 years.[8]

About 90% of this fossil fueled power plants are pro-
tected under government capacity payment schemes such
as the Contratos de Aquisição de Energia therefore men-
tioned as C.A.E. or Contratos para a Manutenção do
Equilíbrio Contratual therefore mentioned as C.M.E.C.
which guarantee the operational and capital costs
solely for their availability regardless of electricity
production.[8]

Maintaining these power plants under such legal
scheme along with wind power priority results again in
added costs to the country which aggravates the ’missing
money’ problem [9] in the electricity production market
schemes.[8]

On the other hand, Portugal has about 5000 MW
of installed capacity of hydroelectric power structures.
The power output of these is very variable as shown in
shown in Fig.4, depending heavily on river flows, rains
and other specific factors resulting in heavy intermit-
tence year over year from about 16000 TWh in 2003 to
4000 TWh in 2005. However, from these 5000 MW , at
least 1500 MW to a maximum of 2500 MW 1 [7] allow

1 Most recent information about this only refers to the largest hy-
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reversible operation through pumping.The upper value
shall be used.[7][6]

Combining these two operations, it is pertinent to try
to mitigate the effects of intermittence on both technolo-
gies.

III. CASE STUDY

Regarding the of test this hypothesis, a few premisses
shall be established in order to build a simple model to
the case study scenario.

A. Portuguese Power Demand Mix

The first premise to be established regards the daily
electricity demand mix. The mix shall be approximated
to a rectangular function of load versus time. The de-
mand for electricity is said to be during the off peak
period of 12 A.M. to 6 A.M and of about 4200 MW
as shown in Fig.1. Due to intermittence, the worst case
scenario, a windless, rainless night shall be considered
as a start point with subsequent improvements as shown
pertinent. About 800 MW2 account for thermal power
plants covered by P.R.E.3, 200 MW for water stream pro-
duction4, 1800 MW for coal based power plants5, 1400
MW for nuclear imported spanish electricity6,7

droelectric structures and therefore only found minor structures
data in a 1983 plan to be completed in 2010.

2 May go up to 1200 MW .
3 Mostly, biomass and waste combustion power plants.
4 Water stream production can’t be turned off.
5 Coal based power plants secure base electric production to guar-

antee stability at low prices and present an average load of 90%
per year. Turning these power plants off it’s not commendable
since they need a couple of hours to be turned on, suffer great
stress during start and stop and produce peaks of carbon dioxide
during ignition. Coal prices represent a minor cut in coal based
electricity production and therefore it’s common practice to re-
duce power down to 30% due to technical limitations. In the
specific case of Portugal, capacity payments known as C.M.E.C.
and C.A.E. also discourage the disconnection of these plants.

6 Obviously, in a rainy night the water stream production may
easily achieve about 1500 MW and in a wet year, 3500 MW
of hydroelectric reserves are available as shown in Fig.2., wind
contributions shall be considered further on.

7 Price usually is near or equal to zero due to nuclear dispatcha-
bility need which results in increased demand.

Fig. 1. Energy demand mix approximation

Fig. 2. Wind power growth in Portugal

B. Wind Power Production Mix

As far as wind is concerned, the days with produc-
tion above 50% of installed wind capacity, that is about
50 GWh per day, shall be considered. Since annual av-
erage production of wind power tends to be predictable
accounting for about 30% of total installed wind capacity
in Portugal for the last three years8, one must now try
to estimate the amount of eligible days obeying the for-
mer criteria. Considering the limitation of available data
and light approach of this article the percentage of eligi-
ble days can be estimated, through visual analysis of the
daily portuguese production of wind power in 2012 shown
in Fig.3, to be about 30% of the year, mostly concen-
trated in months of both rain and wind (mainly February,
April, November and December). Considering the time
of year, it shall be assumed that either it rains or water
reserves are readily available. If the year is exception-
ally dry, considerations about water storage needed to be

8 About 9000 to 10000 GWh per year accompanying capacity
growth as shown in Fig.2.
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considered but on the other hand, it is also very unlikely
that excessive power output happens in this circumstance
considering the scenario already defined. In spite of this
premise, alternative more pessimistic scenarios shall be
evaluated as well to be used as reference values. Finally,
roughly assuming constant wind power production dur-
ing the day except for a mid-day period from 10 A.M.
to 14 P.M. where there appears to be roughly half wind
power production, it is safe to assume this is a pessimistic
scenario since wind and rain tend to be strong during the
more relevant months. Under this circumstances we ob-
tain 2250 MWh per hour except for mid-day which sums
13500 MWh off peak and is equivalent to a deliverance
of 2250 MW .

Fig. 3. Wind power daily production through 2012 in Portu-
gal

Fig. 4. Hydroelectric power production in Portugal.

C. Hydroelectric Capacity

Regarding reversible hydroelectric water reservoir ca-
pacity, it shall be assumed they can handle all the water
pumping and that electricity deliverance shall be lim-
ited by pumping and generation efficiencies only. This
is reasonable due to the primary function of Portugal’s
reservoirs which is massive water storage. The light ap-
proach of this article doesn’t justify a profound debate
on this subject. Pumping storage hydroelectric efficiency
is between 70% and 87% [10].

IV. RESULTS

Now that the scenario has been defined, it is pertinent
to estimate annual production and subsequent savings in
four situations: windy9 and rainy night10, a windy and
dry night during a moderately wet season11, a dry but
windy night during a dry season12 and as a reference, the
dry and windless night mentioned in the former section.

A. Windy and Rainy Night

This is the most likely sub-scenario within the premises
formerly assumed. In this situation the off peak period
from 12 A.M. to 6 A.M. is expected to consist of about
550 MW coal based, 800 MW biomass and waste, 1500
MW of water stream and 2250 MW wind based. Mini-
mum value for coal based power should be noted as well
as the possibility of bigger biomass production since it’s
covered by P.R.E.13 Total energy output is about 30600
MWh which translates into an excess of 5400 MWh.

B. Windy and Dry Night during Wet Season

This is also a likely sub-scenario within the premises
formerly assumed but now rain conditions are strained
resulting in lower water stream output. In this situation
the night mix expected to consist of about 550 MW coal
based, 800 MW biomass and waste, 750 MW of water
stream and 2250 MW wind based. Minimum values for
coal based power should be noted. Total energy output
is about 26100 MWh which translates into an excess of
900 MWh.

C. Windy and Dry Night during Dry Season

This is the worst case sub-scenario. In this situation
the night mix is expected to consist of about 1100 MW
coal based, 800 MW biomass and waste, 50 MW of water
stream and 2250 MW wind based. It should be noted
that the maximum values for coal based power weren’t
reached and also that no importation was needed from
Spain despite very low water stream output. Total energy
output is about 25100 MWh with no excess production.

9 Windy actually refers to the scenario built above regarding the
wind power production over the last three years.

10 High hydroelectric water stream output.
11 Lower hydroelectric water stream output.
12 Water stream tends to be low or even null.
13 This is valid for every sub-scenario.
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D. Dry and Windless Night

As previously mentioned, the dry and windless night
consists of 1800 MW coal based, 800 MW biomass and
waste, 200 MW of water stream and 1400 MW of im-
ported electricity from Spain. Total energy output of
25100 MWh with deficit of 8400 MWh of imported elec-
tricity.

E. Energy and Cost Estimate Savings

14 Finally, savings using pumping regarding P.R.E.
may be estimated. With an hydroelectric power stor-
age efficiency of 80%, one can save 473 GWh per year in
the first sub-scenario, 79 GWh per year in the second.
The third scenario shows electricity independence from
Spain with 700 MW of coal still available and finally,
a no wind power scenario shows heavy dependence from
Spain. The cost[11] for P.R.E. in 2010 was e97.1 per
MWh, the cost for C.A.E. was e75.8 per MWh and the
cost for C.M.E.C. was e53.4 per MWh. Within the first
and second sub-scenarios, savings of e9.5 to e47 million
are expected in P.R.E since the energy won’t go to waste
and was already paid by the special coverage. The stored

energy reserves sell off in MIBEL15 for e75 per MWh
during peak hours may result in possible income of e5.9
to e35.5 million, the shutdown of a C.A.E. or C.M.E.C.
power plant may result in savings from e6 to e36 million
for C.A.E. and e4 to e25 million for C.M.E.C.

V. CONCLUSIONS

As it has been described, Hydroelectric Pumping Stor-
age shows potential for energy and money savings in Por-
tugal.

As mentioned in the preamble, this article is merely a
draft and recurs to a lot of simplifications always trying
not to loose the bigger picture.

The savings may appear to be small compared to the
total costs of P.R.E, C.A.E, C.M.E.C. and other costs but
within current economic situation, absolute values of this
order shouldn’t be ignored since the major investments
were already made.

It’s easy to see, that estimated savings don’t compen-
sate for dedicated investments to build wind powered hy-
droelectric reservoirs using this scheme since they require
billions euro[6].

In order to correctly evaluate this potential to al-
low feasibility, further multidisciplinary studies must be
made.
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