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

There are expressive differences of elevation value between 
the various components of the storage and distribution of water 
system. Thus, there are high levels of available kinetic energy 
in these installations. 

This work focuses the use of this energy for electricity 
energy generation, through the integration of micro hydric in 
public water distribution networks. 
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1. Interest of this work 
 

The electricity production using renewable energy 
sources has seen a boom in recent years. This expansion 
has been, in large part, based on two factors: the rising 
prices of fossil fuels and the development of a greater 
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 <PInst. < 2 MW); micro-
hydroelectric (PInst. <0,5 MW). Furthermore the mini-
hydropower plants can also be classified according to 
their height of water fall, including: high downfall 

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

The European Union (EU), with the Directive 
2001/77/EC, recognizes the need to promote renewable 
energy sources considering being strategic vectors in 
environmental protection and sustainable development. 
 

In Portugal, the EU directive has resulted in a 
strategic plan for the promotion of renewable energy 
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 I presents the historical evolution of the total 

installed power in renewable energy sources (MW in 
continental Portugal). 

Table II presents the current situation of electricity 
production from renewable energies in Portugal. 

 
In order to meet the targets proposed by the Kyoto 

Protocol it is necessary to continue investing in the 
expansion of productive capacity in renewable energy. 

The micro-hydropower production proposed in this 
paper aims to contribute to this objective and to the 
exploitation of a potential, which until now has been 
neglected.  

 



Table I – Historical evolution of the total installed power in renewable (MW) in continental Portugal  

Table II – Current situation of electricity production from renewable energy sources in Portugal 
 

Figure 1 – Selection of the nominal flow through a 
length of flow curve 

 

 

Nominal Flow 
 

For the definition of nominal flow it was used length 
of flow curves. In a first approach the turbine is sized for 
a flow that is exceeded between 15% and 40% of the 
days of the year. The choice of this percentage depends 
on the shape of the curve length of flow, and in large 
part, on the expert’s experience [1].  

 

 
 
 

 
As mentioned in [1], and in general, the hydrological 

study which is based on a hydroelectric exploitation 
should be carried out by experts in hydrology. Thus, the 
electric engineer must take into account the basic logic  

 

 

 

that guides the flow estimation. The flow passing 
through a section of a river is a random variable, with 
non-uniform distribution throughout the year. Thus, the 
hydrological studies can only provide probabilities of 
occurrence of tributaries flow to a particular section of 
the watercourse (usually daily average values) over the 
year. 

The hydrological analysis to support the feasibility 
studies of hydroelectric plants has as its main goal to 
get a curve called average duration curve of average 
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 rivers is 
generally accepted that a period of thirty to forty years 
is the ideal to take as significant the average curve 
obtained. As the case study presented is based on the 
use of a water network distribution, the historical flow 
can be drastically reduced since its flow is not subject 
to natural variation in comparison of the rivers flow. 
Thus, a few years of historical data may be sufficient to 
obtain the representative water flow curve, obtaining 
the nominal average flow of the studied distribution 
system. 



Figure 2 – Graphical selection of turbines for mini-
hydropower plants [2] 

 

Figure 3 – Banki-Mitchell Turbine 

Figure 5 – Kaplan Turbine 
 

Figure 4 – Pelton Turbine 
 

Turbine Choice 
 

To make the choice of the turbine it is basically 
necessary to know the details of the height of water fall 
and the nominal flow. In establishing these two 
parameters it will be obtained the power available and it 
can be possible to choose the right turbine that fits best. 
To make this choice there is a kind of abacus to support, 
in a simple way, the selection of the type and power of 
the turbine. 

The choice of the turbine type should be extremely 
careful because it represents a significant portion of the 
total cost of the installation (around 50%) [1]. 

 

 
 
 
 
The choice of the turbine type results essentially from 

the interaction of three parameters: 
• Water fall; 
• Water flow 
• Power. 

 
Figure 2 provides a graphic table used in the selection 

of turbines for small hydroelectric plants. 
The turbines (of action) are more appropriate for a 

utilization characterized by relatively high falls and 
reduced flows value. In mini-hydropower plants it is 
usually used Pelton turbines (action) operating with 
intermediate water falls (20 to 100 meters) and with 
powers ranging between 50 and 500 kW. In intermediate 
water falls it usually used Francis turbine, but can also be 
used Banki-Mitchell turbines. The low water downfalls 
are the domain of axial turbines - Kaplan, and the Bank-
Mitchell turbine may also be used in this range falls. 

Figures 4 and 5 show the various types of these 
mentioned turbines [1] 
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In very small power generation - micro-power 
plants – it has been proposed the use of pumps running 
in reverse way, as turbines. Despite a reduction of the 
operation performance and inability to adapt to the 
water flow, this solution presents interesting 
advantages such as low price, market availability, easy 
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 regulation, 
etc. 



Table IV – Data from Pedrouços reservoir 

Table III – Data from Ramalde reservoir 

Figure 6 – Model supply system type 
 

Figure 7 – Daily water flow of the Ramalde-Pedrouços 
reservoirs. 

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

The asynchronous generator is, in general, technical 
and economically preferable, because of its known 
characteristics of robustness, reliability and economy. In 
higher power plants are required more elaborate technical 
solutions and the economic aspects are less critical, so the 
synchronous generator is usually the chosen converter. 

 
In Portugal, it is verified that the most of small hydro 

power plants are equipped with synchronous generators. 
 
 

2. Case study 
 
This paper presents a study of a pilot project for 

exploiting the kinetic energy of the difference between 
the height value of the water deposits of "Ramalde" and 
"Pedrouços" belonging to the distribution network and 
water supply services, for the production of electricity, 
through the integration of a micro-water use in the 
interconnection conduct between the two tanks. 

 
 

 
 
 
 
The option for the use of network interconnection 

between these two deposits, Ramalde and Pedrouços, due 
to the fact that for existing a kinetic energy of water it is 
necessary to have a water flow so that allows that energy 
can be generated in a continuous way, otherwise there 
could represents a significant change in the generated 
power. 

Tables III and IV show the collected data, relating to 
the water reservoirs characteristics, of each of the two 
tanks, "Ramalde" and "Pedrouços". 

. 
 

Situation Working 

Floor area (m2) 1626,81 

Height base (m) 182,58 

Full height of storage (m) 188,73 

Shape Rectangular 

Volume of water (m3) 10000 

 
 
 

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 the 

two reservoirs is approximately 22.6 meters. This is the 
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. 

 

 
 
 
 
The analysis is done through flow curves and the 

data were recorded with a cadence of 10 minutes. Thus, 
there is a large number of historical data to deal in 
order to define and characterize the daily and monthly 
curve flow profile. 

After the analysis and preparation of flow curves it 
was calculated the value of the power to install. 
In installation connected to the electricity grid, the 
initial hypothesis should be the installation of a single 
group turbine/generator. Using the curve length of flow 
the turbine is first sized for a nominal flow turbinate 
equal to that which is exceeded by about 15% (55 days) 
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 calculated by the 
following equation: 

 

 (1) 
 
Where, in units of the International System of Units 
(SI): 

Power (P): W 
Efficiency (η): percentage 
Density (ρ): 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 considered to 
the power estimation. In this case, the fluid is the 
water, so its density is 1000 kg / m3, and their specific 
weight it will be: 

HQgP ....ρη=



 

 

 
(2) 

 
To determine the flow value same measurements of 

the daily flow for about three months were made, having 
been obtained the average value of 126,450 m3/day 
which corresponds to an average volumetric flow of 1,46 
m3/s. Thus, the estimated power to be installed it will be:  
 

 (3) 
 

And the estimated annual energy: 
 

(4) 
 

Assuming an average value of 0,05 € / kWh, the 
amount corresponding to the energy produced would be: 
 

(5) 
 

According to the Portuguese law, the Order No. 
17313/2008 of 26 June 2008, published under the point a) 
of paragraph 2 of Article 19 of the DL No. 71/2008 of 15 
April, the conversion of kWh of electric energy to “tep” 
is given by the following expression: 

 
(6) 

 
 

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

(7) 
 

 
Where: 

 
                                     (8) 

 
Therefore, the electrical energy produced annually 

would be: 
 

(9) 
 

The project of a mini-hydropower plant is an iterative 
process that involves the balance of revenue and costs for 
several possible solutions for nominal power. The initial 
hypothesis will be the installation of a single group 
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 flow, so 
the turbines operating limits are imposed, so it is 
established a permissible operation range around the 
nominal flow without appreciable efficiency variation. 
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]. 
 

 
 
 

 
 
 
 
 
 
 
 
 
 

 
As long as the downfall of the system between the 

two water reservoirs is relatively low and considering 
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 for the 
electrical project and the later award of execution. 

 
The potential of this type of projects is very 

significant and allows decentralized power generation 
and that generation is nearest of the centres of major 
consumption, with the consequent reduction of losses 
inherent in the transport and distribution of electricity. 
It also allows to promote the use of a resource that is 
usually unexploited, contributing to achieve the goals 
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 turbines 
and the presentation of the financial study concerning 
the different studied cases. 
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