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Abstract

 
 

In recent years a lot of the problems faced by humanity are associated with cli-

mate change and global warming. It is therefore of vital importance to reduce the 

dependence on fossil fuel and increase the power production on renewable 

sources. One of the most efficient and dependable renewable sources is tidal and 

hydroelectric power. This paper presents an estimation of the expected power 

output that can be achieved by exploiting the strong current that is ever present in 

the Euripus strait in Euboea to produce “clean” energy for the town of Chalkida. It 

was shown that due to the geographical characteristics of the region that lead to 

a constant strong current through the strait, the installation of water turbines that 

will exploit the kinetic energy of the water could lead to the production of electri-

cal energy that could account for several percent of the total electrical consump-

tion of the town of Chalkida. The exact fraction would depend on the number of 

turbines to be installed and it will depend on financial aspects of the project that 

are not examined in the current paper. 
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Tides: Explaining the phenomenon 
 

Tides is the phenomenon of the rise and fall of sea levels caused by the combined 

effects of the gravitational forces exerted by the Moon and the Sun, and the rota-

tion of the Earth.  

 

The Moon orbits the Earth in the same direction as the Earth rotates on its axis, so it 

takes about 24 hours and 50 minutes for the Moon to return to the same location in 

the sky. The incident takes place in two main stages: 

 

o Low tide ( low water) occurs when the water reaches the minimum local 

height 

o High tide (high water) occurs when the water reaches the maximum local 

height 

 

The difference between high tide and low tide is called range of the tide 

 

Currents produced by tides are known as tidal streams or tidal currents.  

The moment that the tidal current ceases is called slack water or slack tide.  

The tide then reverses direction and is said to be turning. Slack water usually occurs 

near high water and low water, but there are locations where the moments of 

slack tide differ significantly from those of high and low water. 

As the gravitational field created by the Moon weakens with distance from the 

Moon, it exerts a slightly stronger than average force on the side of the Earth fac-

ing the Moon, and a slightly weaker force on the opposite side. The force is in-

versely proportional to the square of the distance between the two masses. The 

Moon “stretches” the Earth which causes the latter to have the shape of an ellipse. 

Based on that, and supposing that the majority of the Earths’ surface coved by 

water, the water gathers at the area closest to the Moon. As a result, the water, 

being liquid, starts moving a lot more due to the tidal force as it can be seen in 

Figure 1.  

 

 

 
Figure 1: Schematic of the tidal effect with respect with the Moon's position 

 

 

 

https://en.wikipedia.org/wiki/Sea_level
https://en.wikipedia.org/wiki/Gravity
https://en.wikipedia.org/wiki/Sun
https://en.wikipedia.org/wiki/Earth%2527s_rotation
https://en.wikipedia.org/wiki/Earth%2527s_rotation
https://en.wikipedia.org/wiki/Earth
https://en.wikipedia.org/wiki/Slack_water
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As the Earth rotates, the magnitude and direction of the tidal force at any particu-

lar point on the Earth's surface change constantly; although the ocean never 

reaches equilibrium, there is never time for the fluid to "catch up" to the state it 

would eventually reach if the tidal force were constant 
  

Semi-diurnal range  
 

 Each day there are two high tides and two low tides in different heights. This event 

is known as semi-diurnal range and in can take many forms. 
 

- When the Sun, Moon, and Earth form a line, also known as syzygy, the tidal force 

due to the Sun reinforces that due to the Moon. The tide's range is then at its max-

imum as it is shown in Figure 2; this is called the spring tide.  

- When the Moon is at first quarter or third quarter, the Sun and Moon are separat-

ed by 90 when viewed from the Earth, and the solar tidal force partially cancels 

the Moon's tidal force. At these points in the lunar cycle, the tide's range is at its 

minimum; this is called the neap tide, or neaps.  

 

 

 
Figure 2: Schematic diagram showing the difference in tide height with respect to the phases of the moon 

 

 

 

 
 

 

 

 

https://en.wikipedia.org/wiki/Tidal_force
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Tidal energy 
 

Tidal energy is a form of power produced by the natural rise and fall of tides 

caused by the gravitational interaction between Earth, the sun, and the moon. 

The tidal energy can be converted to electricity or other useful forms of energy. 

The benefits of converting tidal to electrical energy are that it is a clean, renewa-

ble, sustainable resource which produces no greenhouse gases or other waste. Un-

like other renewable sources like solar or wind power which depend on weather 

conditions, tidal power is reliable and predictable and has relatively low operating 

costs after the initial investment for the construction of the necessary infrastructure.  

Tidal energy can be converted to electricity through turbines that take advantage 

of the difference in potential energy between high and low tide as well as by ex-

ploiting the kinetic energy of tidal currents that are formed due to the movement 

of the water between high and low tide. 
 

Euripus strait 

 
The Euripus Strait is a narrow channel of water separating the Greek island 

of Euboea in the Aegean Sea from Boeotia in mainland Greece. It is 39 meters 

wide, 40 meters long and its depth is around 8.5 meters.  

 

Since the ancient times, the strong current in the strait has attracted attention from 

philosophers and scientists such as Aristotle, Plinios and others because of the ir-

regularities in the behavior of low and high tidal currents. After certain observa-

tions, it was found that for 22 or 23 days each month the current changes direction 

approximately every 6 hours , therefore it completes 4 turns every 24 hours and 50 

minutes. However, 11-12 days take place during the New Moon period and the 

other 11-12 days during the period of a Full Moon. For the rest 6-7 days, the current 

is irregular. The explanation to those irregularities was given in the turn of the 20th 

century when the necessary time of travel of the tidal waves on the Northern and 

Southern Euboean gulf was considered. Due to the geography of the region the 

two waves arrive at the strait with a delay of 1h 15 min leading to a difference in 

the tide hide at the North and South of the strait. The phenomenon is related to 

the phases of the moon and a strong current is always present in the strait. The av-

erage speed of the current is approximately 5.5 -6 miles per hour, while it can 

reach up to 9 miles per hour 
 
 

 

  

 

 

 
 

https://en.wikipedia.org/wiki/Greece
https://en.wikipedia.org/wiki/Euboea
https://en.wikipedia.org/wiki/Aegean_Sea
https://en.wikipedia.org/wiki/Boeotia
https://en.wikipedia.org/wiki/Mainland_Greece
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The physics behind a fluid turbine 

 
Both wind and tidal energy are viable options to assess whether or not the local 

government of Chalkida should exploit either of them in the Euripos strait. Howev-

er, before highlighting the differences between the two, we must understand the 

fundamental concept of converting kinetic energy to rotational energy to electri-

cal energy.  

A common configuration of a turbine consists of a drive shaft, a gearbox and a 

generator. The propellers of the turbine spin as they “catch” the fluid that passes 

through it, making the drive shaft rotate as they are connected. As this shaft spins 

relatively slowly (the reason why will be explained later), it is connected to a gear-

box, in which a larger gear at the end of the drive shaft spins a smaller gear with 

less teeth at a higher RPM (Revolutions per minute). This can be explained through 

this simple inverse relationship: 

 

 𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑜𝑢𝑡𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑖𝑛 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑒𝑒𝑡ℎ 𝑖𝑛𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑒𝑒𝑡ℎ 𝑜𝑢𝑡 
 

 

The gear ratio in a typical water turbine is commonly 1:30.  

 

 

 
Figure 3:Schematic of the main parts of a water turbine. The tubine is connected to the generator through a 

gearbox to adjust the angular velocity to an optimal value. 

 

This high RPM shaft now leads to the generator, where in our simple model in Figure 

3, we can see that shaft is connected to a magnet, which in turn spins inside a coil. 

Through Faraday’s law of induction, which states that the induced EMF is given by: 𝜀 = 𝑑𝛷𝛣𝑑𝑡  

 

Where 𝛷𝛣 = �⃗� · 𝐴 = 𝐵𝐴𝑐𝑜𝑠𝜃 

 
Where B is magnetic field strength and A is cross-sectional area  
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We can describe that since there is a change in the magnetic flux through the 

cross-sectional area of the coils with respect to time, there is a voltage induced. In 

fact, alternating voltage is induced and alternating current therefore flows through 

the coils and onto substations where the voltage can be stepped up or down. This 

can be seen by differentiating the previous equation and getting a sinusoidal rela-

tionship:  

 𝛦 =  𝜔𝑁𝐵𝐴𝑠𝑖𝑛(𝜔𝑡) 
 𝑎𝑠 θ = ω𝑡, ω representing angular frequency and N representing the number of 

turns of the coil.  

By replacing ω with 2𝜋f, we can see how important the role of the gearbox plays in 

increasing the EMF induced from increasing the RPM of the spinning shaft. 

Ultimately, by returning to the concept of converting energies, we can derive an 

expression for the power of a turbine in a fluid. Let us consider the mass of fluid that 

can pass through a tube of cross-sectional area A with velocity v in time Δt. Let ρ 

be the density of the fluid. The mass therefore enclosed is the volume of the tube is 

ρAvΔt. This is the mass that will be directed from the tube into the turbine within a 

time interval equal to Δt. The kinetic energy of this mass of air is thus:  

 𝐸𝑘 = 12𝑚𝑣2 = 12𝜌𝐴∆𝑡𝑣3 

 
Power is energy per unit time, and so dividing by Δt we find:  

 𝑃 =  1 2 𝜌𝛢𝑣3  
 

In practice though, the efficiency of the power extracted P also depends by the 

dimensionless performance coefficient Cp. 
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Wind vs Tidal energy 

 
Having gone through how a turbine generates electricity, we can now evaluate 

whether harnessing wind or tidal energy is a viable investment for Chalkida. As for 

extraction of power from tides, we will not be considering tidal range power, which 

works by building a dam across a region of water that meets land as it is certain 

that the government would not make an investment that would block ship traffic 

in Euboea.  

The main advantage of tidal energy in the renewable energy market is due to its 

predictable and consistent availability. Tides change four times a day, as ex-

plained previously, making changes in water level and speed much more fore-

seen than wind or solar energy; where sporadic cloud cover or gusts must be ac-

counted for. A more specific advantage of tidal energy is the geography and lim-

nology of the Euripus Strait. The strait itself is a unique exception in terms of tidal 

current velocity in the Eastern Mediterranean due to a phenomenon called 

“seiche”, which are standing waves enclosed in bodies of water. In the case of Eu-

ripus, the causes of these standing waves are due to water layers of different tem-

peratures causing turbulence in the body of water due to convection. The ex-

treme bottleneck shape of the Euripus Strait at the “Old Bridge” in Chalkida very 

much intensifies this unique phenomenon due to Bernoulli’s principle; which states 

that at points along a horizontal streamline, higher pressure regions have lower flu-

id speed and lower pressure regions have higher fluid speed. With high predictabil-

ity and energy potential, grid integration is simpler than wind power management. 

Low-cost batteries can be charged when tides are flowing and discharged when 

there is relatively low movement, making this source of renewable energy more 

independent from traditional forms of energy. In addition, wind turbines are much 

less likely to be approved to be installed as they create noise pollution and are re-

garded as unattractive sights. Underwater tidal turbines (tidal stream power) 

would not cause these issues as they are hidden away. However, the significant 

disadvantage of tidal turbines is due to their repercussions as a new product in the 

industry; compared to wind and solar. The purchase, installation and maintenance 

costs of tidal turbines are much higher than of wind turbines. The markup of 

maintenance costs can be attributed to corrosion, which is much more enhanced 

in water as its density is about 800 times that of air and biofouling, which would sig-

nificantly deteriorate the turbine's performance. Furthermore, the fact that they 

are submerged under water causes marine environmental problems. The main 

one is fish displacement, which although wouldn’t be particularly present in a small 

area such as the “Old bridge”, could cause issues to the abundant dolphin popu-

lation of Euboea. This is assuming of course that numerous turbines would be 

placed in “wind farms” which is highly unrealistic in our case. It is, therefore, rea-

sonable to conclude that tidal turbines are preferable in this specific case for the 

arguments listed above. 
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Average Power Density (APD)   
 

The average power density, that is the average power per square meter of sur-

face area of the turbine, depends on the difference in potential energy of the wa-

ter between high and low tides and on the kinetic energy of the water current.  

Potential energy 
 

The potential energy for the case of the the construction of a dam is: 

 𝐸𝑝 = 𝜌𝐴𝑔𝑅22𝑇 , 

 

where Ep is the potential energy, ρ is the density of the water, A the surface area, R 

is the tidal range (maximum tide height), g is the acceleration due to gravity and T 

is the period. 

Kinetic energy 
 

As stated above the kinetic energy can be calculated and using the Bernouli 

equation ,the power available is given by the formula: 

 𝑃 =  1 2 𝜌𝛢𝑣3  
 

Where P is the available power (W), ρ is the density of the water (1025 kg/m3 for 

sea water), v is the speed of the flow (m/s) and A is the frontal surface area (m2). 

 

Total power density output  
 

Since the difference in height of the water due to the tide are relatively small in the 

region (in the order of 50cm) we will base this estimation on the kinetic energy of 

the water current considering the energy that can be gained from exploiting the 

potential energy negligible. 

The Average power density (APD) available in a considered cross-section per 

square meter of area is given by the formula 𝐴𝑃𝐷 = 12𝜌𝑣3 

Where, ρ is the density of the water (1025 kg/m3 for sea water) and 𝑣 is the speed 

of the flow (m/s) 
 

Based on an average speed of 5.5 knots (or 2.83 m/s) the kinetic energy of the wa-

ter per square meter of area is equal to: 

 

APD ≈11600 Watt/m2 
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However the power that can actually be converted to usable electrical power is 

smaller by a coefficient (cp), whose upper value is 0.593 (Betz limit). If we take into 

account the energy losses that occur during this process, we should consider two 

reducing factors(n1,n2).Therefore the formula is: 

 𝑃𝑜𝑢𝑡 = 12 𝑐𝑝𝑛1𝑛2𝜌𝑣3𝐴 

 

Where n1 accounts for power loses due to friction in the gearbox and n2 is the effi-

ciency of the generator 

Using the average current velocity of 5.5 knots, this gives a power density output of 

about 4150Watts/m2. Over a year, a turbine with a frontal area of one m2 would 

produce about 100kWh per day or 36 MWh per year. 

For the calculations typical values of cp=0.40 n1=0.95 n2=0.94 were used 

 

 

Power consumption of the town of Chalkida 
 

According to the survey was conducted with the Center for Renewable Energy 

Sources and Energy Consumption's (CRES), the total consumption per capita is an 

average of 5,334 kWh. In this survey, the winter (October 2011 to April 2012) and 

summer (May 2012 to September 2012) seasons, as well as the winter/summer 

months that preceded the survey's conduct (October 2010 to April 2011 and May 

2011 to September 2011, respectively), serve as the reference periods for energy 

statistics. 

As it can be seen in Figure 4 below, the survey's findings show that each home in 

the nation uses 13994 kWh annually on average to meet its energy needs. The city 

of Chalkida has a population of 55,264 inhabitants. 

 
Figure 4: Average power consumption per household for Greece according to a 2014 survey 

From the above survey it can be deduced that in the city of Chalkida there are 

about 21100 households with a total annual electrical power consumption of 

79,000MWh. In other words, each square meter of turbine would be sufficient to 

supply the annual electricity to about 10 households in the town of clean, renew-

able energy.  
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Conclusion  
 

The width and depth of the strait is sufficient to place several such turbines without 

blocking the marine traffic. Those turbines could produce a significant fraction of 

the electricity needed for the needs of the citizens. The financial aspect of the 

whole project however is beyond the scope of this paper and should be investi-

gated further. The authors of this paper are strong supporters of the idea of the ex-

tended use of renewable power sources that will reduce the carbon footprint of 

human activity and the impact of any harmful emissions of human activity that 

any opportunity should be exploited. We believe that there is significant potential 

on the region and further steps should be taken in order to materialise a project 

that will help the local economy as well as the fragile environment of the area. 
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