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Abstract. The public water system consists of several
stations water, pumping plants, primary intercotioec
networks, tanks and secondary distribution netwddkdinal
customers.

There are expressive differences of elevation vhktereen
the various components of the storage and distoibwdf water
system. Thus, there are high levels of availabtetic energy
in these installations.

This work focuses the use of this energy for eleityr
energy generation, through the integration of mieyaric in
public water distribution networks.
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1. Interest of thiswork

The electricity production using renewable energy
sources has seen a boom in recent years. This @gpan
has been, in large part, based on two factorsritlirg
prices of fossil fuels and the development of aatge
environmental awareness.

The hydropower plants are classified, as to their
power, such as: hydropower plants, (PInst. > 10 MW)
small hydroelectric (2 MW <PInst. <10 MW); mini-
hydroelectric (0,5 MW <PlInst. < 2 MW); micro-
hydroelectric (PInst. <0,5 MW). Furthermore the min
hydropower plants can also be classified according
their height of water fall, including: high downifal

(exceeding 150 meters), medium fall (between 20 to
150 meters), and low fall, where the water fallgiei
can vary between 2 and 20 meters.

The European Union (EU), with the Directive
2001/77/EC, recognizes the need to promote renewabl
energy sources considering being strategic vedtors
environmental protection and sustainable developmen

In Portugal, the EU directive has resulted in a
strategic plan for the promotion of renewable eperg
program called E4 (Energy Efficiency and Energy
Endogenous). With this support program, Portugal
aims to achieve the target of 39% of electric power
from renewable energy established in the directive
2001/77/EC.

In Portugal, the total renewable installed capacity
reached 7.868,00 MW in late July 2008.

Table | presents the historical evolution of thelto
installed power in renewable energy sources (MW in
continental Portugal).

Table Il presents the current situation of eledttric
production from renewable energies in Portugal.

In order to meet the targets proposed by the Kyoto
Protocol it is necessary to continue investing he t
expansion of productive capacity in renewable energ

The micro-hydropower production proposed in this
paper aims to contribute to this objective andhe t
exploitation of a potential, which until how hasebe
neglected.



Tablel — Historical evolution of the total installed powarrenewable (MW) in continental Portu

2001 2002 2003 2004 2005 2006 2007 ‘2:::: TCMA

Hidrica Total 4 263 4 288 4 292 4 561 4752 4 802 4805 4809 2.0%

Grande Hidrica (>30MW) 3783 3783 3783 4043 4234 4234 4234 4234 1,9%

PCH (>10 e <=30 MW) 240 251 251 251 232 281 281 281 2.1%

PCH (<= 10 MW) 240 254 258 267 286 287 290 204 3,2%
Edlica 114 175 253 537 1047 1681 2108 2 556 62,6%
Biomassa (c/ cogeragéo) 344 372 352 357 357 357 357 357 0,6%
Biomassa (s/ cogeracéo) 8 8 8 12 12 24 24 24 20,1%
Residuos Sélidos Urbanos 88 88 88 88 88 88 88 88 0,0%
Biogas 1,0 1,0 1,0 7.0 8,2 8,2 12,4 124 52,1%
Fotovoltaica 1,3 1,5 2,1 27 29 34 14,5 214 49 5%
Ondas/Marés
Total 4819 4 934 4 996 5 565 6 267 G 964 7 409 7 868 7.4%

TCMA - Taxa de Crescimento Média Anual entre 2001 e 2007

Table Il — Current situation of electricity prodigct from renewable energy sources in Portugal

Produgéao (GWh)
3°Tri 4°Tri 1°Tri 2°Tri 3°Tri 4°Tri 1°Tri 2°Tri Julho
2006 2006 2007 2007 2007 2007 2008 2008 2008
Hidrica Total 1254 5194 4282 2 608 1721 1608 1429 2798 577
Grande Hidrica (>30MW) 1198 4 537 3735 2383 1610 1546 1177 2 356 539
PCH (>10 e <=30 MW) 38 302 277 110 78 39 127 226 24
PCH (<= 10 MW) 17 355 270 115 32 23 125 216 14
Edlica 639 1089 1076 846 1009 1076 1518 1226 369
Biomassa (c/ cogeragéo) 327 335 347 332 327 355 340 339 113
Biomassa (s/ cogeragao) 19 20 29 38 39 42 35 38 13
Residuos Sélidos Urbanos 151 140 126 96 105 170 75 130 44
Biogas 8 9 9 13 16 17 17 17 6
Fotovoltaica 1,3 1.4 27 6,3 7.2 7.3 6,1 11,3 47
Ondas/Marés
Total 2399 6788 5872 3039 3225 3276 3420 4 560 1127
Total (s/ Grande Hidrica) 1201 2251 2137 1556 1614 1730 2243 2203 588

Nominal Flow

For the definition of nominal flow it was used l¢hg
of flow curves. In a first approach the turbinesiged for

a flow that is exceeded between 15% and 40% of the

days of the year. The choice of this percentagemitp
on the shape of the curve length of flow, and iméda
part, on the expert’'s experience [1].
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Figure 1 — Selection of the nominal flow through a
length of flow curve

As mentioned in [1], and in general, the hydrolagic
study which is based on a hydroelectric exploitatio
should be carried out by experts in hydrology. Thhe
electric engineer must take into account the Hagjic

that guides the flow estimation. The flow passing
through a section of a river is a random variabligh
non-uniform distribution throughout the year. Thing
hydrological studies can only provide probabilitiefs
occurrence of tributaries flow to a particular smttof
the watercourse (usually daily average values) ther
year.

The hydrological analysis to support the feasipilit
studies of hydroelectric plants has as its main twa
get a curve called average duration curve of awerag
daily flow, or more simply, duration curve flow.

This curve is an average curve supported by
observations made over several years and its
significance is decisive. In the case of the riviers
generally accepted that a period of thirty to forears
is the ideal to take as significant the averageveur
obtained. As the case study presented is basetieon t
use of a water network distribution, the historittatv
can be drastically reduced since its flow is ndiject
to natural variation in comparison of the rivergwil
Thus, a few years of historical data may be sufitto
obtain the representative water flow curve, obtajni
the nominal average flow of the studied distribatio
system.



Turbine Choice

To make the choice of the turbine it is basically
necessary to know the details of the height of whtk
and the nominal flow. In establishing these two
parameters it will be obtained the power availaid it
can be possible to choose the right turbine thatbiest.
To make this choice there is a kind of abacus ppett,
in a simple way, the selection of the type and poefe
the turbine.

The choice of the turbine type should be extremely
careful because it represents a significant portibthe
total cost of the installation (around 50%) [1].
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Figure 2 — Graphical selection of turbines for mini
hydropower plants [2]

The choice of the turbine type results essentfatiyn
the interaction of three parameters:

«  Water fall;
« Water flow
* Power.

Figure 2 provides a graphic table used in the tielec
of turbines for small hydroelectric plants.

The turbines (of action) are more appropriate for a
utilization characterized by relatively high fallsnd
reduced flows value. In mini-hydropower plants st i
usually used Pelton turbines (action) operatinghwit
intermediate water falls (20 to 100 meters) andhwit
powers ranging between 50 and 500 kW. In intermedia
water falls it usually used Francis turbine, but e#so be
used Banki-Mitchell turbines. The low water dowidal
are the domain of axial turbines - Kaplan, andBhek-
Mitchell turbine may also be used in this rangésfal

Figures 4 and 5 show the various types of these
mentioned turbines [1]

Figure 5 — Kaplan Turbine

In very small power generation - micro-power
plants — it has been proposed the use of pumpsnginn
in reverse way, as turbines. Despite a reductiothef
operation performance and inability to adapt to the
water flow, this solution presents interesting
advantages such as low price, market availab#iagy
assembly and reduced maintenance.

Generator Choice

The choice of the generator to equip a mini-
hydropower plant depends on the specifications
imposed on the turbine, with respect to efficiency,
nominal speed, constant of inertia, type of redgumat
etc.



A fundamental choice is focused in between the
synchronous generator (alternator) and asynchronous
generator.

The asynchronous generator is, in general, technica
and economically preferable, because of its known
characteristics of robustness, reliability and econ. In
higher power plants are required more elaboratenieal
solutions and the economic aspects are less trsicahe
synchronous generator is usually the chosen cavert

In Portugal, it is verified that the most of smiayidro
power plants are equipped with synchronous genesrato

2. Casestudy

This paper presents a study of a pilot project for
exploiting the kinetic energy of the difference vee¢n
the height value of the water deposits of "Ramalaied
"Pedroucos" belonging to the distribution networid a
water supply services, for the production of eleittr,
through the integration of a micro-water use in the
interconnection conduct between the two tanks.

linking between the
tank A and tank B

v

Figure 6 — Model supply system type

Tank A

Total height
of waterfall

The option for the use of network interconnection
between these two deposits, Ramalde and Pedraliges,
to the fact that for existing a kinetic energy ddter it is
necessary to have a water flow so that allowsehatgy
can be generated in a continuous way, otherwisee the
could represents a significant change in the gésgra
power.

Tables Il and 1V show the collected data, relating
the water reservoirs characteristics, of each ef ttho
tanks, "Ramalde" and "Pedroucos".

Table Il — Data from Ramalde reservoir
Situation | Working
Floor area (m2) 1626,81
Height base (m) 182,58
Full height of storage (m 188,73

Shape | Rectangular

10000

Volume of water (m3)

Table IV — Data from Pedroucos reservoir

Situation | Working
Floor area (m2) 800
Height base (m 159,9

Full height of storage (m 166,15
Shape | Circle
Volume of water (m3) 5000

In this case study, the quota difference between th
two reservoirs is approximately 22.6 meters. Thithe
value that is considered as useful downfall water.

The following figure features the network's daily
average water flow that has been described and that
was conveniently monitored and recorded.

Daily Water Flow
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Figure 7 — Daily water flow of the Ramalde-Pedraico
reservoirs.

The analysis is done through flow curves and the
data were recorded with a cadence of 10 minutess,Th
there is a large number of historical data to deal
order to define and characterize the daily and hignt
curve flow profile.

After the analysis and preparation of flow curves i
was calculated the value of the power to install.

In installation connected to the electricity grithe
initial hypothesis should be the installation o$iagle
group turbine/generator. Using the curve lengtficaf
the turbine is first sized for a nominal flow tumbte
equal to that which is exceeded by about 15% (%S)da
to 40% (146 days) days in the average year [3], [4]

The maximum hydraulic power that can be obtained

through a difference in height can be calculatedhay
following equation:

P=n.0.90.H

1)
Where, in units of the International System of Wnit
(sh:
Power (P): W

Efficiency (n): percentage
Density ): kg / m3

Acceleration of gravity (g):m/ s2
Fall (H): m

Volumetric water flow (Q): m3 /s

In such exploitations the typical efficiency is
around 80%, which is the value that was considéved
the power estimation. In this case, the fluid ig th
water, so its density is 1000 kg / m3, and thegécHijc
weight it will be:
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To determine the flow value same measurements of
the daily flow for about three months were madejg
been obtained the average value of 126,450day
which corresponds to an average volumetric flovt ,d6
m®/s. Thus, the estimated power to be installed ithw:

P=n.09QH =08*9810146" 226=26kW (3)
And the estimated annual energy:

E = P.8760 = 260* 8760 = 2277600 kWh = 2,28 GWh
(4)

Assuming an average value of 0,05 € / kWh, the
amount corresponding to the energy produced woeild b

2277600* 005=113.880,00€/ year  (5)

According to the Portuguese law, the Order No.
17313/2008 of 26 June 2008, published under thet i
of paragraph 2 of Article 19 of the DL No. 71/200815
April, the conversion of kWh of electric energy ‘tep”
is given by the following expression:

; _ ]
ElectricEnergy=———— (tep/ kWh 6
ay 86*10'6( p/kWh  (6)

Thus, for an efficiency of 80% and considering that
the generated power is consumed locally, it woaldeh

. 08 (7
ElectricEnergy = ————— =9302tep/ kWh
9 86*10°° P

Where:

1kWh=1075*10"° tep (8)

Therefore, the electrical energy produced annually
would be:

2277600 1075*10°° = 2448tep )

The project of a mini-hydropower plant is an iterat
process that involves the balance of revenue asis ¢or
several possible solutions for nominal power. Tiigal
hypothesis will be the installation of a single gpo
turbine / generator.

The turbine is chosen for a nominal flow rate, that
there will be only around 20% to 30% of days, on a
normal year.

The turbine efficiency depends on the turbine flew,
the turbines operating limits are imposed, so it is
established a permissible operation range aroumd th
nominal flow without appreciable efficiency variti
Outside this range, the turbine is off, for lack of
efficiency.

Table V indicates the factors of the exploration
limits on the basis of the turbinate flow [3], [5].

TableV — Limit for the turbines operati

Turbina oy = C(;_T Oz = QQL?
Pelton 0,15 1,15
Francis 0,35 1,15
Kaplan com dupla regulacao 0,25 1,25
Kaplan com rotor regulado 0,4 1,0
Hélice 0,75 1,0

As long as the downfall of the system between the
two water reservoirs is relatively low and considgr
the value of the water flow, the turbine most
appropriate for this case is the Kaplan turbine.

3. Conclusions and Further Work

This paper presents a micro-hydropower plant to
be used in the public network of water distribution
which is in the process of public consultation foe
electrical project and the later award of execution

The potential of this type of projects is very
significant and allows decentralized power generati
and that generation is nearest of the centres gérma
consumption, with the consequent reduction of lesse
inherent in the transport and distribution of alieitly.

It also allows to promote the use of a resource itha
usually unexploited, contributing to achieve thealgo

of energy production from renewable sources and
promoting environmental protection and sustainable
development.

As future work the authors expect to execute a
study comparing the use of different types of toeli
and the presentation of the financial study coriogrn
the different studied cases.
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