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Abstract. Recent progress in power generation from 
renewable energy technology is encouraging for the 
development of robust and cost-efficient renewable energy 
microgrids. These systems may be particularly suitable for sites 
requiring frequent backup power due to weak existing power 
infrastructure. This paper discusses the conceptual design of a 
smart microgrid test bed that can operate on 100% renewable 
energy for an offshore island in Abu Dhabi, UAE. The 
contribution in the design is uniqueness in its architecture and 
functionality. An integrated utilities approach is applied by 
providing power as well as water via Reverse Osmosis sea-
water desalination. A battery energy storage system (BESS) 
provides primary backup power when renewable sources are 
unavailable. A high-efficiency DC power distribution system is 
interconnected with the AC system to demonstrate potential 
efficiency gains. A coordinated power management strategy to 
monitor, control and optimize the available energy resources 
centrally controlled by Energy Management System (EMS) is 
also included. The overall intent of this conceptual design is to 
create a cost-effective system for providing power to areas with 
limited power infrastructure, thereby leading to new 
commercial opportunities for large-scale implementation. 
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1. Introduction 
 
   The increasing dependency on fossil fuel, primarily for 
buildings and transportation, threatens the world’s long-
term energy security and environmental sustainability. 
Changing the way we design new communities using a 
renewable energy systems approach—with sustainable 
planning, net zero-energy homes, advanced vehicles, and 
innovative utility interconnections—could significantly 
decrease this energy use, as well as its associated 
emissions and climate change impacts worldwide [1, 2]. 
Smart microgrids are modern, small scale isolated power 
system, which are an ideal way to integrate renewable 
resources on the community level and allow for customer 
participation in the electricity enterprise [3]. The total 
microgrid capacity throughout the world has been 
identified as 3.2GW in 2012 [4].  

   Currently, approximately 1.4 billion people do not have 
access to electricity. A similarly sizable population 
receives a limited and inferior supply of electricity; 
suffering from frequent outages and poor power quality.  
The large upfront investment cost of extending or 
upgrading the power infrastructure is often cited as a 
major impediment to improving energy access. 
Microgrids may provide a major advantage in this 
context through increased reliability, higher energy 
security, improved efficiency, increased sustainability, 
and higher profitability due to a more incremental 
investment cost [5]. 
 
   A number of studies have examined microgrid design. 
The control and design of microgrid components for the 
efficient usage is analyzed in [6]. The advantages of 
installing low and medium voltage grids are investigated 
in [7]. The isolated microgrid design and development 
using hybrid solar and wind generation for a remotely 
located Lencois island in Brazil presented in [8]. The 
above studies along with advanced communication and 
control methodology are helping to promote the 
applicability of smart microgrid systems for remote areas. 
    
   In this paper the conceptual design of smart microgrid 
test bed for an offshore island in the UAE and its 
coordinated power management scheme is described. The 
microgrid is interconnected with the main onshore 
distribution system, but can also disconnect and support 
islanded operation. The Al Futaisi island location is 
chosen to demonstrate the applicability of the design for 
an isolated power system and also to show the integration 
of water production, which is a key need for many arid 
regions. The smart microgrid design work is 
collaborative research project between the Masdar 
Institute of Science and Technology, UAE (MI) and 
Research Institute of Industrial Science and Technology, 
Korea (RIST). It is expected that the successful 
completion of this design project of phase-I will lead to 
construction, operation and experimentation in phase-II. 
   
   The remainder of the paper is organized as follows: 
Section II provides the project description, objective and 
road map; section III gives an idea about site selection 
and characterization; section IV discusses the conceptual 



design developed for the island smart microgrid; and 
section V highlights the coordinated power management 
strategy and its impacts on effective utilization of all 
resources. Finally, the conclusion is given in section VI. 
 
2. Project Description and Roadmap 
 
   The main contribution of this paper is to show the 
roadmap for successful smart microgrid design which is 
unique for UAE based island. The description, main 
objective and roadmap of the smart microgrid project 
phase-I is given below. 
 
A. Project description  
 
The developed smart micro grid will be connected to Abu 
Dhabi Distribution Company (ADDC) distribution 
system with various types of DG. The following major 
components are considered in the design.  

• Multiple inverter-based, synchronous and/or 
induction generators. 

• Energy storage system. 
• Demand Response or other DSM applications. 
• Bi-mode operation (islanded or grid-connected). 
• DC bus for high efficiency provision of DC loads.  
• Interaction with neighboring REMG. 
 

B. Main objectives 
 
   This work will demonstrate the basic design for 
microgrid test bed with the following major goals: 

• Demonstrate the technical feasibility of renewable 
energy powered micro-grids (REMG) as a primary 
source of power and local operational control.  

• Design a smart microgrid with a battery energy 
storage system (BESS) as the primary backup 
power source, instead of the conventional 
approach of relying on diesel generator units.  

• Demonstrate the impact of a hybrid AC–DC 
microgrid in order to show the efficiency 
improvement and reliable direct current supply 
based on advanced power electronics technology.  

• Demonstrate integration of a reverse osmosis (RO) 
water desalination plant for arid environments 

 
C. Challenges Foreseen 
 
   The unique design of smart microgrid for UAE’s 
offshore island is motivated by the following foreseen 
challenges.  

• Most of the existing desalination plants are merged 
with thermal power stations. So while installing 
renewable sources, the design considers to meet 
feature water demand by placing RO based 
desalination plants. 

• The integration of DC microgrid with the AC 
microgrid requires unique control strategy for the 
efficient operation.  

• Reduction of carbon footprints considering the 
electric vehicles, battery storage systems and algae 
farm based bio fuel production. 

• The intermittency in solar and wind based power 
generation needs control strategy for the 
alternative sources like BESS. 

 
D. Road Map 
 
   The general approach used for developing smart micro 
grid is shown in Fig. 1. In the first step, the project site is 
selected to be at Al Futaisi island, near Abu Dhabi island. 
In the second step, the survey and analysis of current 
state of the power and water network along with 
collection of weather data are carried out. This step also 
includes the forecasting of power demand and needs of 
other critical equipment. In the next step, the conceptual 
and basic design is developed based on the results of 
survey and analysis obtained previously.  
 

•Al Futaisi island.

Site Selection

•Environmental Survey.
•Load Profile and system characteristics.
•Recorded measurement for wind speed and solar radiation for the past 5 
years.

•Grid connection topology.

Survey & Analysis

•Microgrid configuration, identification of renewable energy sources and 
ratings, power management control strategy, voltage control, load 
demand, grid connection requirements and different modes of operation 
will be investigated. 

•Defining the requirements for EMS integration, microgrid communication 
and metering system.

Conceptual Design

•Designing, sizing and modeling of renewable energy sources, diesel 
generator, storage system, compensator devices, Power management 
strategy, metering, and communication network.

•Achieving the ADDC grid code requirements.
•Simulation analysis (RMS, Dynamic and Transient) for grid connected 
and islanded  microgrid.

Basic Design

•Examine the microgrid at extreme conditions.
•Stability analysis for balance and unbalance system operation.

•Verification of the proposed microgrid controllers by using the RTDS.
• Identification of the problem and propose solution to improve the design.

Verification

•Developing the roadmap for microgrid demonstration.
•Economical analysis and cost estimation for demonstrating the microgrid 
at Futaisi island.

Action Plan

 
Fig. 1 Road map of the Smart Microgrid project – phase1 

 



 
Fig. 2.  Necessary components of Smart Microgrid 

 
   The basic design must go through simulation and 
verification to ensure grid stability and to identify any 
potential problems and proper solutions. The microgrid 
models are developed using the PSCAD/EMTDC 
simulation tools for specific power system and control 
analysis including steady state, dynamic and transient 
analysis.  In the last step, the economic analysis and cost 
estimation for demonstrating a smart microgrid is 
identified. This paper will present results up through the 
conceptual design phase. 
 
3. Site selection and characterization 
 
   The first step to design the microgrid is selection of 
site. An analysis based on overall information of the site 
is carried out and Al Futaisi Island has been identified as 
a demonstration site. It is very suitable with its current 
use for small scale tourism and housing and potential for 
clean energy and environmental research demonstrations. 
It also has the potential for solar PV, small wind power, 
biofuel production from waste and algae, local seawater 
desalination, and electric transport (E-boats). 
 

   The electric and water demand for the available loads 
in selected site is estimated as given in Table 1. This 
consists of major electric loads such as residential villas, 
chalets, conference rooms, restaurant, and a horse stable. 
The water demand from the users of this island as well as 
the landscaping activity is also shown in the same table. 
 
TABLE I. - Electrical and water facilities in Al Futaisi island 

 

ITEM 
QUANTITY AND 
SPECIFICATION 

Transmission line and cables 11kV, 3 line 

Substation transformers 
11kV/0.4kV,50Hz, 
1MVA 

Electric 
Loads 

Residence villas 15 houses 

Chalets(sail house) 40 houses 

Conference room 1 building 

Cafeteria(restaurant) 1 building 

Swimming pool 1 pool 

Horse stable 10 rooms 

Owner’s villa 1 villa  

Water  

Residential  15 houses 

Commercial  40 houses 

Landscaping Plant watering 

 
4. Conceptual Design 
 
   The basic architecture of the smart microgrid is defined 
in this step in order to identify the distributed energy 
resources (DER) applicable to the demonstration site, 
including the power grid network with all major 
equipments and energy storage options. The essential 
components of the smart microgrid design are shown in 

 

 
 

Fig. 3.  Conceptual design of smart micro grid for Al Futaisi island 



Fig. 2. In order to meet the primary design objective, 
Renewable Energy (RE) sources such as solar and wind 
will be used as primary sources of power. The 
customized mix of renewable power sources will be 
designed according to the feasibility of natural resources 
available in Al Futaisi island. Considering the 
intermittent and uncontrollable nature of RE sources, 
energy storage devices are also included in the design for 
reliable power supply. 

TABLE II.  - Description of Microgrid components 

Project Component         Functions & Remarks 

1.Power 
Generation 

Solar 
power 

- Captured solar radiation generates 
power in the form of DC 

- Small wind generating unit to capture 
wind resources  

- Consideration of climate and 
geographic condition 

-   Zero emission power source 
-  Primay energy conversion system 

for hybrid microgrids 

Wind 
power 

Micro 
turbine 

-  Emergency dispatch power 
source to maintain the reliability  

2. Energy Storage 
System 

-  Night time energy source (Energy 
storage and grid stabilizing) 

- Power conversion system for 
charging and discharging 

3. Operation / Control 
Center - EMS (Energy 
Management System) 

-    Macro grid connection control 
-  Consumer demand monitoring and 

demand response control 
-  Weather information based demand 

prediction  
- Grid operation optimization and 

stabilization 
-  Battery storage control (charge and 

discharge control) 
-  Desalination plant operation using 

surplus energy 

4. Tourist Activities 

-  Modern residential units using smart 
meters 

- Hotels, resorts, shopping complex 
and zoo 

-   Health care facilities  
-  Country club for golf, football, horse 

riding, open-air theaters 
-  Water sports (yachting, jet skying, 

kayaking and kitesurfing) 

5. EV & E-Boat 
Charging Station 

-  Realization of zero emission electric 
vehicles 

- Considering both road and water 
transportation 

-   Quick charging station 

6. Water Desalination 
plant 

-  Sea water desalination using surplus 
energy efficiently 

-  To meet water demand  

7. Bio energy plant 
-  Algae farm and bio wastes. 
- Bio-fuel production from algae to use 

in micro turbines. 

 8. Network 

- Full connectivity for each unit 
(information & control network) 

- Economic and expandable network 
configuration 

 
   The overall control scheme of microgrid components 
will be developed for implementation by an Energy 
Management System (EMS) and verified by the 
simulation.  Surplus electricity will be used to charge 

Electric Vehicles (EV) including E-Boat with zero 
emission, and operate a water desalination plant.  A bio-
energy plant will produce biodiesel as a supplementary 
energy source. A high quality and reliable power supply 
to the loads will be ensured by properly designing the 
adaptive voltage control devices and advanced digital 
protection systems. The detailed description about each 
of the component is shown in the table 2. It presents the 
elaborated description of generation plants from 
renewable sources and storage options using the BESS, 
control center, EV charging station for vans and boats, 
water desalination plant, bio fuel production plant and 
communication network. 
 
   The smart microgrid conceptual design developed for 
the Al Futaisi island is given in Fig. 3. The 11kV island 
power system is connected with 132kV transmission 
level bus bar at CONF substation which is belongs to 
TRANSCO, Abu Dhabi. The island is also drawing 
power from the ADDCs 33kV distribution level bus bar 
located at Dhabiya substation through submarine cable. 
The Futaisi island switching station consists of 12 
switches and one bus coupler is also shown in Fig. 3. The 
proposed microgrid network with all renewable sources 
and other components are connected to the switching 
station by maintaining major part of the existing power 
network is kept unaltered. 
 
   The proposed design has two parts, one is completely 
AC system and another one is DC microgrid system. In 
the AC microgrid, the renewable energy sources such as 
PV and wind plants are connected along with the 
required amount of battery energy storage systems 
(BESS). The diesel generator (DG) installed in the island 
will be operated using the bio-diesel produced from algae 
farm based bio-diesel plant. Based on the usage of diesel 
generator (also called micro turbine) two different 
scenarios are considered (1) using DG only during 
emergency dispatch, when there is no power available 
from renewable sources, BESS and macro grid (2) using 
DG as one of the backup power source as in the 
conventional microgrid architecture. The first scenario 
results are used to compare and verify with the second 
scenario, in order to show the impact of BESS as primal 
backup power source. 
 
   On the other hand, the DC microgrid will have DC 
distribution system bus bar rated for 700V along with 
direct connection of the renewable resources and BESS. 
The DC loads are right away connected with the DC bus 
bar and thus reduces the conversion losses. This DC 
system is connected to AC side through a bi-directional 
converter and transformer. In order to supply the existing 
loads the DC microgrid bus bars are connected to 
switching stations at 5 and 8 through the existing 
transformers at low voltage side. The AC microgrid is 
connected to switch number 3 after stepping up the 
voltage level by two parallel transformers. This 
conceptual design gives the complete skeleton for 
achieving the goal of this smart microgrid which is 
supplied by 100% renewable sources including the diesel 
generator operated by in house bio-fuels. 
 



5. Coordinated Power Management 
strategy 

 
   The coordinated power management strategy developed 
for the control of smart microgrid is achieved through the 
Energy Management System (EMS) as shown in Fig. 4. 
The EMS has four major layers comprising of operator, 
visualization, runtime manager and network gateway. 
The top layer is the operator layer which has major 
module such as the system configuration, monitoring, 
alarm of events and energy management. The second one 
is a visualization layer, which will present graphical or 
table illustrations of energy information, system 
information and billing information. Also, it will manage 
the creation and distribution of energy and facility 
reports. The engineering station which will create and 
manage alarms based on given threshold values and run 
time manager which will create and manage notifications 
of alarms directed towards appropriate users. The last 
layer is a network gateway which will manage the 
connection and synchronization with the various data 
sources such as energy management systems and 
metering devices. 
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Fig. 4.     Configuration of Energy Management System 
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Fig. 5.    Coordinated power management scheme 

 
   The coordinated power management strategy developed 
for the microgrid control is shown in Fig. 5. The software 
manager is connected with four major modules. The first 
module is supervisory and control module, which 

connects the advanced metering infrastructure with the 
server. The second module is automatic generation 
control (AGC) and economic dispatch which uses to 
schedule the power output of each resources based on 
economical factors. This module also handles the 
coordination between AC and DC microgrid power 
exchange policy based on the availability of power 
generation by controlling the bi-directional power 
electronic converters. The next module is used for 
generation forecasting in order to obtain the expected 
power output from renewable sources. The last module is 
database manager which maintain the historical data and 
analysis for the reference. The network gateway is used 
to physically connect all the generating resources, BESS 
and loads by using IEC 61850 and other network 
protocols, which will be evaluated based on ADDC grid 
codes. Thus the centralized EMS helps in implementing 
the power coordination strategy for the effective 
utilization of all available resources. 
 
6. CONCLUSION 
 
   In this paper the conceptual design and coordinated 
power management strategy developed for the UAE’s Al 
Futaisi island smart microgrid project is reported. The 
conceptual design established in this work proves the 
possibility of having 100% renewable energy in smart 
microgrid architecture. The concept of using DC 
distribution system reduces the energy losses. The 
coordinated power management strategy is also 
developed for the control of all energy resources in order 
to have better monitoring and optimized usage.  
 
   Future work on the smart microgrid project will include 
additional simulation and verification of the technical 
design, economic analysis of the cost of deployment, and 
identification of the primary market opportunities.  It is 
expected that a large and untapped market for this 
technology exists not only in “off-grid” applications, but 
also in “weak-grid” areas with inferior quality of supply 
and a need for more primary generation. 
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