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Abstract— The main challenges for renewable energy 

integration in electrical grid system are their variability and 

prediction. Tidal renewable energy is considered low 

variability in comparison to wind energy generation and due to 

tides regular periodicity, it is often quoted as predictable. This 

paper presents the modeling of Orkney’s distribution network 

with the integration of tidal energy. This multi-physics model is 

based on the graphical formalism tool, Energetic Macroscopic 

Representation (EMR). This tool has been used to analyze the 

Tidal energy conversion (TEC) system based on the behavior 

of permanent magnet synchronous machine (PMSM). The 

daily, monthly and yearly variations of marine water speed in 

Orkney were observed. The EMR has been efficiently used in 

the representation of Orkney energy system integration of 

Orbital O2 tidal systems, and showing its effectiveness to adopt 

the control strategy. More precisely, the data of current water 

profile for 2009 has been chosen from 10 years big data to test 

the adopted deduced control technique. The methodology of 

this tool is described in details and the simulation results 

obtained in MATLAB environment are presented.  

Keywords— Tidal energy conversion; Energetic 

Macroscopic Representation; permanent magnet synchronous 

machine.  

1. INTRODUCTION 

Long before humans catch fossil fuels, it learned how to 
harness the power of water to do the work. Subsequent 
generations realized that mobile water could be used to 
power an electric turbine. Government and academic 
estimates indicate that marine renewable energy can provide 
a large share of electricity used in coastal areas, tidal energy 
products often indicating that technologies provide reliable 
and in-place electricity. After all, waves and tides can be 
predicted. 

The power generation systems of marine current are 
produced by converting the mass of water flow (kinetic 
energy) into electrical energy. The marine current speed is 
daily changed through two tidal phases when the water level 
is failing (Ebb) and rising (flood) as shown in Fig. (1a) . In 
addition, the system has a season variation due to the speed 
change of marine current during the high tides months (at 
spring tides when sun, moon and earth are aligned) to the 
low tides (at neap tides when moon is perpendicular on 
earth) ) as shown in Fig. (1b)[1]. Compared to other 
renewable energies such as (wind and solar), the tidal 
turbines have higher efficiency (80%).  

As the ocean energy has the largest renewable resource 
on the world (approximately 2x103 tW, many countries have 
been invested to accelerate the development of this energy. 
In France, the oldest and second biggest station of tidal 

power has been operational with 240MW since 1966 [2]. The 
Électricité de France (EDF) which is the biggest utility 
company in France, has an annual capacity of 540 GWh 
generation from La Rance tidal power plant. 

 

Fig. 1 Variation of Marine Current Speed by a) day b) season 

Many other countries recently starting to put a lot of 
attention in this kind of energy such us UK, Canada, Russia, 
China, India, Brazil, South Korea, etc.  In 2011, the world’s 
largest station of tidal power has been completed with 
254MW total power capacity [3]. This plant was constructed 
by Daewoo Engineering & Construction and designed to 
produce 552.7GWH annual generation capacity for the 
owner (Korea Water Resources Corporation). In 2013, the 
planning for project of 240MW has been approved to be 
construct at Swansea Bay in the UK. The Swansea Bay Tidal 
Lagoon has been estimated to generate 400GWh annual 
power capacity [4], that will make it upon completion as the 
world’s third biggest project in tidal energy. 

Numerous states of the arts have been performed onto 
tidal energy simulation and technologies. The general tidal 
signals have been studies based on the review of tidal wave 
theory principle, sedimentary successions, and several tidal 
coasts (mega, macro, micro and meso) [5]. The development 
of tidal technologies has been more interested to reduce the 
initial cost, maintenance cost, and improve the two-way 
efficiency. The new turbines with possible range applications 
of tidal has been selected includes Archimedes screw, a 
counter-rotating turbine,  the modified bulb turbine with two 
groups of guide vanes, and a gyro device [6]. 

That has been so interesting for the researchers to explore 
the different aspects of usage the tidal energy systems. 
Therefore, the development of mathematical models has 
been simulated with several methods to analyze the 
fundamental interaction between the various parts of a power 
conversion system. The European Centre for Marine Energy 
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(EMEC) as built in UK as one of the most important 
development centers. The world leader center in the 
investigation of “instream tidal energy has been constructed 
in Canada as known Fundy Ocean Research Centre 
(FORCE) [7]. 

Several tidal technologies have been simulated to 
integrate into grid. Numerical simulations to analyze the tidal 
plant in French Atlantic coast has developed to improve the 
economic issues [8]. Authors proposed storage strategy 
based on the underwater pumped storage energy. In Canada, 
because of the installation policy limits, it has been proposed 
to use the tidal energy of the Bay of Fundy to be installed 
and integrated into grid. The energy storage system (ESS) 
has presented into model to enable the installation of tidal 
energy converter (TEC) [9].  

Another proposal to reduce the highly fluctuation into 
tidal energy system has been modeled based on Maximum 
Power Point Tracking (MPPT) and (ESS). The 
supercapacitor (SC) has been used to compensate and control 
the fluctuation of power injected into the grid [10].Tidal 
energy as part of hybrid renewable system has been 
evaluated based on the real data for three regions of Iran 
[11]. In China, Jiangxia Tidal Power Station (JTPS) has been 
analyzed and evaluated in term of economic and energy 
compared to other types of renewable energies [12].         

The graphical formalism tool is one of the most 
interesting methods which have been used represent the 
complex and multi-physic systems. In 2000, the Energetic 
Macroscopic Representation (EMR) as new graphical 
formalism method was developed to describe conversion 
systems [13]. EMR has been proposed to analyze many 
conversion systems: Koita et al [14] have used the EMR tool 
to control a wind energy conversion system include 
permanent magnet synchronous generator (PMSG).  

Hydrogen energy system converted to electricity by using 
Proton Exchange Membrane (PEM) electrolyzers and PEM 
feul cells used to back-up renewable energy sources based on 
the EMR model [15]. Barakat et al [16] have studied a 1.5 
MW wind turbine based on PMSG using EMR to minimize 
the generation losses by controlling the converter systems. 
The EMR modelling approach has been applied on the 
French railway company (SNCF) to evaluate the efficiency 
of new railcar based on the performance of reverse 
engineering [17].  

Also, several researchers have applied Energetic 
Macroscopic Representation to storage energy systems such 
as a fuel cell supercapacitor system [18], Proton Exchange 
Membrane (PEM) electrolyer [19], and hybrid storage 
system used fuel cell battery and supercapacitor for electrical 
vehicle [20]. The EMR has been used to model the hybrid 
powertrain simulator based on the dynamic system of 
supercapacitor and fuel cell [21]. Internal Combustion 
Engine (ICE) has been modelled by EMR to explore the heat 
energy on the vehicle subsystems behaviors  The 
methodology of EMR enables the developed EMR simulator 
and the integration elements of inversed-based control loops 
guaranties the simplicity to study the multiphysical system.  

More complex electromechanical systems has been 
represented by EMR tools to model the dynamic nonlinear 
[22]. The EMR modeling of multi-physics presented here 
allows the highlights the interactions of simple subsystems 
the heat transfer, electromechanical, and fluid mechanics that 
occur in Compressed Air Energy Storage system. Another 
research in dynamical multi-physical model of vehicle 
engine is developed by EMR tools in [23]. Various models of 
the Internal Combustion Engine subsystems has been 
interconnected in EMR design to compare the simulation of 
quasi-static and dynamical model.  

Energy is play important role to drive the modern 
economy, therefore analysis, modeling and simulation of 
complex energy systems (such as tidal energy) has received 
significant research attention. The marine current energy 
conversion system is convert the water kinetic energy to 
electrical energy. The process of conversion system required 
to develop different subsystems such as (tidal turbine, 
permanent magnet synchronous generator, the power 
electronic converters and the demand side). In additional, the 
dynamic behavior of each subsystem can be described as 
multivariable system. The main contribution of this work is 
to analysis and modelling the tidal energy system and the 
control strategy based on MPPT by using the EMR approach 
and read data. The EMR of the tidal conversion system 
facilitates the understanding of the interactions between its 
different subsystems. This work is a case study focus on tidal 
energy in Orkney Islands, UK which is part of a European 
project under construction. Real data of 10 years water 
profile has analyzed to apply in this model by using EMR 
tools. This method has been applied to control the injected of 
reactive power into grid the speed of PMSG and the voltage 
of DC bus.   

This paper has organized firstly by disciple the system 
components and data. Next, the methodology of EMR has 
been figure out in details. In third section, model of each part 
has been illustrated then graphical tools represent the whole 
system. The simulation results and conclusion has been 
demonstrated in sections four and five respectively. 

2. OKNEY SYSTEM  

The west coast of Orkney has lot of interesting in 
research as it consider one of the largest tidal energy in the 
world. Many extensively studies has been researched for this 
region and it selected to be host test centers with support of 
academic and governmental of Scotland. That lead to 
established the European Marine Energy Centre (EMEC) in 
2003 to develop the marine energy industry and enhance the 
marketing progress of tidal energy [24].  

This paper will consider the integration of 2MW tidal 
energy (Orbital O2) into Orkney grid which is belong to 
project lead by Interreg North-West Europe and EMEC. In 
this site, the speed of tidal currents exceed 3m/s with suitable 
water depths in many locations in the Firths of Orkney and 
Pentland Firth as shown in Fig. 2.  



 

Fig. 2 a/ the Firths of Orkney, b/2MW tidal turbine site of 
installation 

The Orbital O2 turbine connected to Orkney grid through 
energy management system (EMS), Fig. 3. The strategy of 
controlling the power flow can be presented by control 
generator side converter (GSC), grid side converter (GSC), 
and DC link. This turbine has been designed to 16m rotor 
diameter, 11kv, 50 Hz, and 16rpm. The rated current speed is 
3m/s while the cut in and cut out current speed rated 1m/s 
and 4.5m/s respectively.  

 

Fig. 3 system configuration 

The main parts of Integrating Tidal energy into the 
European Grid (ITEG) project shown in the single line 
diagram include all sub-systems Fig. 4. 

 

Fig. 4 Single line diagram for ITEG project 

3. ORKNEY WTARE PROFILE 

When the water is constrained by channels, islands and 
headlands, the tide drives water movement and consequently 
the tidal currents occur. The main advantage of tidal 
resources compared to other renewable energies is the 
predictability of its characteristic. The power produce by 
tidal farm can be accurately estimated and its influence on 
the grid can be forecasted. However, the large tidal 
variability will present challenges for the power system. 
The rotational and gravitational forces between the earth, 
sun and moon that lead to move water (drive tides) in 
different directions. The main cause of the tide currents is 
the moon; however, the sun and moon have relative 
influence over the seasons of a year. This outcome in 
variations in the height of tide on a number of time (daily, 
monthly and yearly) scales. 
Generally, in several regions, the speed rate of tidal currents 
is under 1 m/s, but the spring tidal current amplitude in 
many locations in Scotland exceed 2.5 m/s. In particular, the 
tidal stream energy of Orkney is recognized by EMEC as 
the one of the largest potential tidal resource sites in the 
world. An extensively studied has been focused in this 
region and several models proposed [24] and [25]. These 
research illustrates that tidal wave required 2.5h to 
propagate around Orkney in a clockwise direction. Thus, a 
strong gradient flow generates through the Firths of Orkney 
and Pentland (Fig. 5), which make it suitable for generation 
of tidal turbine with present of water depth. 
   

 
Fig. 5 Charts of Orkney 

In 2003, EMEC as established to be hos test center include 
different supports such as government, academic local 
industrial and natural environment. In addition to offer 
“open sea sites”, EMEC has extended to develop “scale tide 
site”. The collected data and models have been extensively 
focused on the tidal speed profiles for the Firths of Orkney 
(more than 7 Berths). The data of speed profiles was for 
different periods (daily, monthly and yearly) during 10 years 
(from 1 Jan 1996 to 31 Dec 2005) (Fig. 6).      



 
Fig. 6 10 years current speed profiles for Orkney 

To precise the effect of current speed profile on the tidal 
turbine energy system, daily, monthly and yearly models has 
been initiated.   

4. ENERGETIC MACROSCOPIC REPRESENTATION FOR 

ORKNEY SYSTEM 

As the Orkney system consist of tidal energy system, 
several conversion units and grid, the EMR can be accurate 
tool to represent these parts. Moreover, compared to other 
graphical tools, EMR is more readability with a clear 
synthetically and easily to model the multi-physical systems.  

The main elements of EMR are: the source elements, 
conversion elements, accumulation and coupling elements as 
shown in Table 1. It is mentioned that in this graphical tool, 
the output of the action vector by the reaction vector is 
normally equivalent to the energy at the entry and exit points 
of each element. Furthermore, the connection of two 
different elements is possible only if the exit of element 1 is 
equal to the entry of next element and the entry of element 1 
is equal to the exit of next element.   

Table 1 EMR elements 

 

In order to explain the application EMR, an example of a 
conversion system from electrical to thermal domain is 

figure out in Fig. 7.  In this form of energy conversion, the 
actions are represented by the current and entropy flow in 
electrical and thermal domain, respectively, while the 
reaction variables are highlighted by the overvoltage and 
temperature [26].  

 

Fig. 7 Energetic conversion from electrical to thermal domain 

EMR provides insights into the operation of real energy 
systems and permits a deep comprehension of its abilities 
from a dynamic viewpoint. Compared with other non-causal 
modelling tools, EMR give attention to function of the 
system in additional to the structure. Moreover, it has 
contributes to the control design of system much greater than 
causal modelling tools. The main differences between the 
graphical formalism tools that used to analysis the multi 
physical conversion systems has presented in Table 2. 

Table 3 Comparison of graphical tools 

BG CIG PFD EMR 

Ability to multi physical modeling 

++ + + + 

Ability to control 

- + - + 

Physical causality 

Integral/derivative Integral Integral Integral 

Structural systemic 

Structural Functional Functional Structural/Functional 

  The application of the EMR to the different parts of the 
system can be demonstrated in the following sections. 

5. APPLICATION OF THE EMR TO THE TEC SYSTEM 

The Orkney system consist of tidal energy conversion 
(TEC) system integrated into Orkney grid (Fig. 4). The chain 
of TEC consists of a tidal turbine based to PMSG after used 
the blade and gearbox to have the mechanical energy. 
Electrical conversion and control system representing by 
three phase bridge rectifier, a DC-bus step then an inverter.  

The tidal power generation systems convert the water 
kinetic energy into electrical energy. The tidal conversion 
system consists of mainly of the tidal turbine and the PMSG. 
Each component of system has the equations that describe its 
performance. The control model to find the MPPT 
(Maximum Power Point Tracking) of tidal turbine based 
mainly on setting control values. The main elements of EMR 
are represented by the source elements (marine current and 
network), conversion elements (blades, rectifier, inverter and 



transformer), accumulation (shaft, DC bus, and transmission 
line), and coupling elements (TEC control system). 

As indicated before, the tool of EMR is a based on the 
connected elements and their action and reaction. the EMR 
block-diagram form for the Orkney system is shown in Fig. 
7. Then, Fig. 8 show the structure of EMR after added 
specific TEC control by using inversion rules. These 
structures in details are explained as follows.   

5.1 EMR without control 

The transition from Fig. 7 to the EMR of Orkney system 
with controlling in Fig. 8 by identifying the functions of the 
parts and the equivalent elements for each of them, which 
can details as follows:  

Blades 

The blades convert tidal source as kinetic energy into 
mechanical energy in the shaft, which can be represented as: 

������ � �	
���
������

� ����.�.�������.��.�����
 

������
                  (1)  

�%&'()*� is turbine torque, +%&'()*� is turbine power, and 
,-.�/%  is shaft speed.  

0%&'()*�.is turbine radius, 1%)2��  is speed of tidal current, 
and 34 is power coefficient of the turbine. The relation 
between the rotation speed of blades and the output power 
characteristics is shown in Fig. 8. The EMR of this part is a 
mono physical conversion because it convert the 
kinetic energy into mechanical energy.  

 

Fig. 8 Set of power output of the tidal turbine system 

Shaft 

The speed rotation of the turbine shaft can be calculated 
by equations bellow: 

5�.�/%
2������

2% � �46�7 8 ������ 8  9: . ,�.�/%                     (2)                 

�46�7 is the mechanical torque of the PMSG, ������ is the 
shaft torque of the load, 9: is friction, and 5�.�/%  is inertia 
constant. 

The tidal turbine can modeling mathematically by 
considering these equation as in Fig. 7. 

 

Fig. 9 Mathematical model of tidal turbine 

PMSG conversion 

 
The PMSG is represented in EMR by a multi-physical 

elements, firstly conversion element that derived by [14]  

�46�7 � 1,5. +. >. ?@46�7                                                (3) 

+ number of poles pair, BC@46�7PMSG current in dq axis 
and  > magnetic induced flux. 
 
Then secondly by accumulation element 

?C46�7 � D
E�

FGHC46�7 I 1C46�7 8 0�. ?C46�7J. CK              (4) 

?@46�7 � D
EM

FG8H@46�7 I 1@46�7 8 0�. ?@46�7J. CK               (5) 

?C@46�7, PMSG current in dq axis, 1C@46�7, stator voltage 
in dq axis. 
 
Rectifier 

?'�N% � 8( ��O
PQ��

?� I ��R
PQ��

?( I �� 
PQ��

?()                        (6) 

?�(N , ?'�N%  PMSG current in abc axis and current for rectifier 
respectively, and TN�4, DC bus voltage, PWM switching 
signals,. 
 
DC bus 

TN�4 � D
� F(?'�N% 8 ?)*:). dt                                           (7) 

?)*:  is DC bus current. 

 
Inverter 

?)*: � P��XO 
PQ��

B�)*�D I P��XR 
PQ��

B�)*�YZ                          (8) 

T)*:DZ, T)*:YZ voltage between inverter phases. 
 

 
Line impedance 

B�)*�D � \]
��
Z(^
��.�_D) `2(T%'DZ 8 T)*:DZ) 8 (T%'YZ 8 T)*:YZ)a    (9) 



B�)*�Y � \]
��
Z(^
��.�_D) `2(T%'YZ 8 T)*:YZ) 8 (T%'DZ 8 T)*:DZ)a    (10) 

T%'DZ, T%'YZ, is voltage between transformer phases, 
d�)*�, static gain of the line, e�)*�, B�)*�D, B�)*�Y, time 
constant, lines currents. 

 
Transformer 

B%'D � f%'.B�)*�D                                            (11) 

T%'DZ � f%'.T7')2DZ                                 (12) 

B%'D, B%'Y, current injected into the network and f%' is 
transformer transformation ratio. 

Each part of conversation system has been represented 
as one a conversion element such us rectifier, inverter and 
transformer. The accumulation elements has been used to 
model the continuous bus and line impedance. 

 
5.2 EMR and control structure  

The control structure of the system is consist of into 
two main parts, firstly the speed control of PMSG by using 
the MPPT in the tidal side and secondly in the grid side by 

using PI controllers for reactive power into DC bus voltage. 
These control elements to represent these two static 
converters are added to EMR diagram as blue blocks in Fig. 
9. To deduce the chain of control structure for the tidal 
energy conversion system, the following inversion 
procedures will be considered: 

Shaft inversion: 

��.�/%_'�/ � 3hiK�.�/% . (,�.�/%_'�/ 8 ,�.�/%_6��) (13) 
��.�/%_'�/, static gain for shaft equation inversion, 
,�.�/%_6��, shaft speed measured, 3hiK�.�/% correction 
coefficient for shaft torques and ,�.�/%_'�/, shaft speed 
reference. 

PMSG Conversion and accumulation inversion  

B@46�7_'�/ � D
D.j >. +. �46�7         (14) 

1C46�7_'�/ � 3hiK�k-l(BC46�7_'�/ 8 BC46�7_6��)-HC46�7_6��(15) 
1@46�7_'�/ � 3hiK�k-lGB@46�7_'�/ 8 B@46�7_6��J I HC46�7_6�� (16) 

 

 
Fig. 10 elements of the tidal energy conversion 

 
Fig. 11 Structure of EMR for TEC control 

 

Line impedance inversion 

1C)*:_'�/ � 3hiK�)*� . G?C�)*�_'�/_?C�)*�_6��J  (17)                                                     

1@)*:_'�/ � 3hiK�)*� . G?@�)*�_'�/ 8 ?@�)*�_6��J (18)                                            

3hiK�)*�, voltage correction coefficient for inversion, 
?C�)*�_'�/ , ?C�)*�_6��, ?@�)*�_'�/ , ?@�)*�_6�� currents reference 
and measured for rectifier line. 

Control Strategies:  

,�.�/%_'�/ � no��
�������

                                              (19) 

?C�)*�_'�/ � pT2N'�/ 8 T2N6��q . 3hiK2N          (20) 

?@�)*�_'�/ � Gr'�/ 8 r6��J. 3hiKs                 (21) 



r6�� � Ts . ?2 8 T2 . ?s                              (22) 

tu4%, optimal ratio between tidal speed and turbine, 
T2N'�/ , T2N6��,dc bus voltage reference and measured, r'�/ ,
r6�� , reactive power reference and measured, 3hiK2N, 
corrector coefficient for reactive power in DC bus.  
 

6. SIMULATION RESULTS 

The Orkney system has been represented by EMR for 
the tidal energy system including the schematic of the 
control chain as in Fig. 9. The simple structure of this 
diagram is one of the main advantages of this graphical tool, 
compared to the simulation on MATLAB Simulink, this 
scheme can be readable more easily.  

The setting parameters for the system has been details 
in Table 2. The simulation was performed in different 
duration (1 day, 1 month and 1 year) to examine the 
influence of water profile in the grid connected tidal energy. 
Indeed, the velocity vector of water flow around Orkney 
Island is complicated pattern. In practical, the magnitude 
and direction of tidal current velocity vector change with 
time. In this study, the rapidly change in time for the tidal 
current direction will not considered. The tidal speed 
profiles have been measured and extensively focused on for 
the Firths of Orkney (more than 7 Berths). The total periods 
for data of speed profiles (daily, monthly and yearly) ware 
collected during 10 years (from 1 Jan 1996 to 31 Dec 2005). 
The mode, median and percentile (1m/s=44th) of current 
water profile are (0.953367, 0.0532844, 46.96), 
respectively. 

Table 4 Data for Orkney system 

Power coefficient of the 
turbine Cpmax = 0.5439 

Cut-in, Cut-out, average 
water speed 

1m/s, 4.5m/s, 3m/s 

Turbine radius 16 m 

PMSG Machine data 
R=6.25mΩ, L=4.229 mH 
and φ=11.1464 Wb 

Impedance of line 0.5 mH 
Capacitance of DC bus 0.06 F 

For the simulation, a water profile of an average value 
of 1.6 m/s (Fig. 10 ) is used for (24, 720 and 8784) seconds 
for represent (daily, monthly and yearly) duration, 
respectively. The effective rotor turbine has a diameter of 20 
m and the rated voltage is 11 Kv. The smooth pole machine 
is used with L=4.229 mH and φ=11.1464 Wb. The line has 
an impedance of 0.5 mH and 0Ω. The DC bus has a capacity 
of 0.06 F.  

The profile of the power of the turbine developed 
during 24 seconds (such as each 1 second represent 1 hour). 
In the Fig. 11, it can see the torque control of the turbine is 
well proportional to the turbine power and the speed of 
PMSG follows well the reference speed imposed (Fig. 12). 

 

 
Fig. 12 Current water profile  

The DC bus voltage is controlled to avoid undesired 
effects on power electronics components. By acting on the 
current to be injected the reactive power into the network, 
control strategy is made PMSGP of both the DC bus voltage 
(Fig. 13). The simulation has successfully applied to the 
water profile for 1 month and 1 year for Firth number 7 in 
Orkney. While the time of simulation for 1 days took 26 
minutes, the 1 month and 1 year data of current water 
velocity exceed 14 hours and 6 days, respectively. 

  
Fig. 13 Turbine Torque 

 
The results in Fig. 14 shows the capability of control 

technique to keep the speed of PMSG that drive by torque of 
tidal turbine within limited values. The voltage has been 
controlled to be in same limits for 1 year current water 
profile as shown in Fig. 15. 

 



Fig. 14 PMSG Speed Control 

 
Fig. 15 DC bus voltage 

The high and low values of PMSG speed and Torque of 
tidal turbine has been increased and decreased not more than 
15% than results for 1 month water profile. The output 
voltage of DC bus is still in same required limit as shown in 
Fig. 16  

 

Fig. 16 Results of EMR model for 1 month 

Fig. 17 shows that the average rate of water profile for 
1 month and 1 year were 1.44 and 1.13, respectively. The 
control of DC bus voltage has fluctuated within limited. The 
EMR model has well adopted for Orkney system and the 
proposed control was follow the variation of water profile as 
shows in DC bus voltage figures. The control system and 
EMR model were efficient to keep the average values of 
system parameters not changes for all profiles (daily, 
monthly and yearly. This simulation has been implemented 
by Simulink/MATLAB environment under PC (Intel Xeon 
CPU 3.5 GHz, RAM 128 G, x64 bit, Windows 10).    

 

Fig. 17 Results of EMR model for 1 year 



7. CONCLUSION 

 The tidal energy conversion system represents a complex 
multi-physics energetic system with multi variable produced 
by the interactions between its subsystems. In this study, a 
simulation was carried out using the Energy Macroscopic 
Representation (EMR) model which is developed for a case 
study (Orkney system). The data of velocity vector of tidal 
current around highly energetic location (Orkney Island) has 
been applied to the tidal system (Orbital O2) in this 
simulation. The EMR has also be used to represent the 
control of PMSG to operate at MPP and reactive power at 
DC bus. Different duration (daily, monthly and yearly) of 
current water profile for Orkney Island has been used to 
study the validation of the proposed control strategy. The 
results shows the ability of the proposed system to keep the 
variability of control parameters (the speed of the PMSG, 
DC bus voltage and the injected reactive power) within 
tolerable limits by using the deduced control technique. The 
results shows that the EMR was efficient to analyze and 
modelling the complex Orkney system and enables to design 
different control strategies under various operating modes of 
the system. Therefore, the proposed EMR model has the 
ability to adapt and develop more renewable sources such as 
the hydrogen electrolyzer in the future work.    
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