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INTRODUCTION TO MICROGRID 
What is MicroGrid and why is it important? 
The combined development of decentralized production and improvement in automation, 
storage, telecom and IT technologies create new paradigms when it comes to develop local 
distribution of energy. This paradigm is called MicroGrid as a local ability to control complex 
balance between connected loads and production on small networks. 
 
MicroGrid is a word used in many different contexts. Even with a precise definition, a 
MicroGrid remains a living “ecosystem” where multiple functionalities and technologies can 
be integrated together. The level of integration will define how much value added a 
MicroGrid brings to its users. 
 
The International Electrotechnical Commission (IEC) defines a MicroGrid as a group of 
“distinct distributed resources such as generators or loads”, located within close 
geographical proximity of each other, “so that they represent a single generator or load to 
the wider electricity system.” 
 
GE Grid Solutions defines a MicroGrid as a grid with three fundamental main criteria 
described in the image below, but also with a power criteria: 
 
• MicroGrid has a size around 1 to 50MW and is a district, an island, a rural area. 
• NanoGrid has a size below 1MW to 100kW and is a group of Building or houses 
• PicoGrid has a size below 100kW and is a Tertiary Building or a small community of 

houses 
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Who are the MicroGrid Operators? 

As a MicroGrid can be seen either as a portion of Grid (public or private) or a community of 
users (producers and consumers), the role of MicroGrid Operators can be very different and 
referring to different organization: 
 
• Distribution Service Operators (DSOs) manage a MicroGrid as one or multiple nodes of 

the electrical public grid 
• Private District Operators manage a MicroGrid as one or multiple private districts 

including their energy networks 
• Virtual Community Managers managing as a MicroGrid only connected users and not the 

grid itself, providing services like energy optimization and flexibility aggregation. 
 
These roles are illustrated in the next chapter through three typical business cases (among 
dozens of variations). 
 
 

MicroGrid Objectives 
Grid Solutions studies a wide range of technical solutions based on a single coherent 
layered architecture. MicroGrid can take various forms into various contexts; the objectives 
of each MicroGrid will be a combination of the following to build a local virtuous circle. 
 
Provide a competitive priced energy supply to all customers 
− Multi-energy local optimization and dispatch 
− Cost effective investment in infrastructure (avoid grid peak design with demand 

response) 
− Costs sharing with existing or shared infrastructures (electric assets; telecoms) 
 
Foster the local Growth 
− Jobs and tax with local grid management and decentralized resources 
− Local economical imbalance reduction with energy cost reduction and production 

relocation 
 
Attract business and consumers 
− Community animation and efficient energy services 
− Competitive & Reliable energy access with stable pricing 
− Clean and local energy promotion 
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Attract energy innovation and testing 
− Innovation programs development 
− Eco-Campus development 
 
Ensures sustainable microgrid business model 
− Minimize maintenance costs and operations 
− Improve billing and reduce non-technical losses 
− Reduce Fossil Fuel bill through energy mix mitigation 
Ensures innovative energy service delivery  
− Congestion Management 
− Production shedding 
− Fair Consumption shedding (insure equivalent supply time to anyone) 
− Secure supply for critical consumers / VIP / Super Tariffs Payers 
− Local Islanding in case of grid fault 
− Flexibility Aggregation for external energy and power markets 
 
 

Grid Solutions MicroGrid Centre of Excellence  

Grid Solutions – Legacy Alstom Grid has signed a memorandum of understanding (MOU) 
with The Pennsylvania State University to establish a global centre of excellence for 
MicroGrids at The Navy Yard in Philadelphia, Pennsylvania. This centre, the first of its kind, 
will help advance the development of MicroGrid technologies as part of The Navy Yard’s grid 
modernization project. 
 
Neil Sharkey, Penn State’s vice president for research, said this agreement places the 
university and its partners at the forefront of the nation’s efforts to develop technologies 
that will improve energy efficiency. 
 
“We are working to spur real innovation and job growth, as well as boost the efficiency of 
current technologies,” Sharkey said. “Energy efficiency is one of the easiest ways to improve 
our competitiveness and reduce costs.” 
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THREE TYPICAL BUSINESS CASES 
Enable high distributed generation penetration 
into local distribution grid nodes or islands. 
In many regions of the world, such as 
Islands or very sunny parts of the world, 
Distribution Service Operators (DSOs) are 
facing a growing challenge with the rise of 
the renewable and decentralized 
production. Connecting these assets on a 
traditional medium and low voltage grid 
creates quickly side effects on the quality of 
the signal with voltage and frequency 
disturbances, or even unpredicted reverse flows into the transmission grid. 
 
These problems are not a fatality and can be solve using MicroGrid concepts on grid 
nodes with a high penetration of decentralized renewable generation. By rolling out 
a decentralizing intelligence and control on identified locations, the DSO can follow 
precisely the renewable development, keeping control of the grid and optimizing 
costs and delays of connection and reinforcement work. 
 
These challenges have been solved by Grid Solutions in the NiceGrid Demonstration 
Project, enabling to: 
− Forecast accurately local production and available flexibility in an integrated 

manner 
− Monitor low voltage network in real time on both production and consumption 
− Implement advanced control systems to operate efficiently and in a coordinated 

manner network substations as well as production and consumption assets 
− Create synergies between smart metering and MicroGrid management 
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Modernize industrial & logistic areas and create 
Business Eco Districts. 
In cities shifting from an industrial activity to a service based business, urban 
refurbishment is a key question for local authorities to remain attractive for private 
investment and job creation. 
 
For example, some industrial areas are being trans- formed by real estate promoters 
to private Campus or Eco Districts. In these cases, an integrated design is built and 
requires coordinating various networks like telecom, electricity, gas or water, as well 
as existing storage capacity such as in cold or heat applications, or even energy 
conversion capabilities, like fuel cells or heat pumps. 
 
Microgrid technology is again a very good solution to create advanced functionalities 
by design. The business case is supported mainly by grid connection costs that are 
drastically reduced by an increased security of supply attracting businesses, and by 
savings on energy consumptions. 
 
For the Private District Operator, the Grid Solutions layered architecture enables to 
deploy a global Eco-district development strategy. Each individual Microgrid contains 
local automation, telecommunication and intelligence, however the advanced 
services are proposed through a global shared IT layer, enabling cost synergies 
between all Eco-Districts. For the Operator, it is also a guarantee to create a global 
portfolio that can be aggregated to value flexibility on national or local flexibility 
markets. 
 
Grid Solutions is working on these challenges on many projects such as Navy Yard in 
Philadelphia or Singapore NTU Smart Campus. 
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Enable cost effective access to electricity in fast 
growing demand areas. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
In many developing countries, urban areas are facing a strong growth creating real 
operational challenges on old networks, generally designed around diesel generation 
assets to locally distribute the production. These aging assets can barely face the 
increasing demand, where quality of service become difficult to maintain. This 
situation may initiate a vicious cycle when customers stop paying for electricity due 
to poor service quality. 
 
A Microgrid approach is a good strategy to get out of this situation and increase both 
production capacities, number of customer connected and also quality of service. 
In such a case, the diesel generation is modernized and network extensions create 
ability to connect both new customers’ locations and renewable production, 
generally competitive in this type of environment. In some cases, renewable and 
diesel can be backed up with storage solutions (e.g. storing electricity generated by 
PV during day to save evening energy peaks). This strategy is called “Hybridization” 
and requires local Power Mix Management. 
 
For the distribution network operator, creation of MicroGrid self- managed nodes 
on the network enables effective daily operations because they can pilot them as a 
single point of consumption with a scheduled behaviour. 
 

3 
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Grid Solution’s offerings main differentiation is the ability to create a layered 
architecture for service development, with one MicroGrid Cockpit for multiple 
physical MicroGrids.  
 
Distribution Service Operators will be able to reinforce remote grids with 
MicroGrid technology keeping an ability to support local operations, taking 
advantage of a central system. This ability creates costs synergies (IT, workforce) 
between isolated networks and allows investing more on advanced services. Some 
of these services are Network losses calculation, Revenue collection, Remote Billing, 
Forecasting and Scheduling, Time of Use Tariffs or advanced Demand Response 
(instead of complete Load shedding). 
 
A MicroGrid operator will need to implement numerous functionalities upon 
technical grid automation in order to create a virtuous cycle. The Microgrid for Rural 
Electrification Report, written by United Nations Foundation focuses on this virtuous 
/ vicious cycle after the study of multiple MicroGrids around the world. 
Understanding the key success factor and working on a MicroGrid service offering is 
a way for Microgrid operators to propose competitive offers and grow their portfolio 
while managing operational risks. 
 
Ultimately, this layered architectre will be a facilitator when remote grids will be 
connected on the main national distribution grid. Currently, the MicroGrid Cockpit 
will be integrated into the Distribution Management System.
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A LAYERED ARCHITECTURE 
Grid Solutions Concept 
The GE Concept of a microgrid is based on a step-by-step pragmatic and powerful idea.  
Layer one: The first step is about creating autonomous MicroGrids that manage in real 
time local energy balance and grid operations. 
 
Layer two: The second step is to improve performance and build new services for 
MicroGrid stakeholders. The second step is done using a shared IT host in a cloud 
environment to control multiple MicroGrids, an emerging solution also called ‘virtual 
grid management’. 
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LAYER ONE 
MicroGrid Automation 

Grid Solution MicroGrid Controller 
Grid Solutions’ MicroGrid controller called DCM495 is the most advanced technology 
available to support microgrid architecture. This is a multi-functional, hardened device 
designed for operations in the harsh environments of electrical substations and industrial 
facilities. 
 
It is the local brain of the Microgrid, ensuring an autonomous ability to manage 
energy balance between production, consumption and eventually storage, on top of 
managing the MicroGrid asset protection. 
 
It enables the integration of field devices, real time data concentration, and unification of 
MicroGrid data from a wide range of field devices. DCM495 also provides a local HMI for 
local MicroGrid management, as well as interfaces with MicroGrid cloud applications for 
remote management. 

 
Installed in an Eco District substation, this controller enables to (i) optimize Power Mix 
Management for a better production price & reliability, (ii) improve energy efficiency, load 
shifting and resiliency and (iii) monitor sub-consumption in real time and automate assets. 
 
Installed in a Distribution substation on a MicroGrid node, this controller enables to (i) 
Improve RES penetration above normal limitations on a local node monitored by a 
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substation, (ii) Improve Resilience on a grid node managed by a substation through DER 
balance control and (iii) enable MicroGrid islanding to improve resilience on a grid node 
managed.  
 
The key technical features are the following: 
1. Modular software apps are available as 

options 
2. Plug and Play Topology Processing 
3. Multi interfacing: Multi sources, Multi 

storage, Multi loads 
4. Layered Automation approach, distributed 

control and wide area automation 
5. Scalability, Honey comb architecture 

support: Mono to multiple 
 

Telecom, Metering and Sensors 
To support this MicroGrid Controller, Grid Solutions proposes numerous key technical 
solutions to deploy MicroGrids: 
• Meshed Radio over IP & PLC Solutions: e-terra gridcode PLC hardware systems 

enable transmission of voice, data, teleprotection and any kind of critical and non-
critical signal over HV-MV electrical lines. 

• Field Control Units:  A range of smart meters and voltage sensors combined with 
automation functionalities to monitor and operate in real time MicroGrid assets, 
buildings and homes. 
 

Battery Energy Storage Systems 
In a local MicroGrid or Nodal Grid, managing 
balance between production and consumption 
can require using network storage systems.  As 
a community asset, the price of storage 
services is shared between all the MicroGrid 
users instead of investing into their own 
private storage or accepting a lower quality of 
service. 
 
For the MicroGrid operator, it handles 
congestion issues, alleviates overloaded nodes through the network handling peak loads, 
provides ancillary services like frequency regulation and voltage support, and helps meet 
seasonal requirements.  By maintaining the ability to island from the wider grid, a MicroGrid 
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can ensure robust and reliable supply for its 
enclosed loads, isolated from faults on the wider 
electricity system. 

For the renewable power producer, it provides 
energy that can be made available very 
dynamically, allowing committing to a production 
plan and compensating variability; this maximizes 
the benefit of the renewable energy asset, 
qualifying the renewable power producer to trade 
the electricity within wholesale energy markets. 
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LAYER TWO 
MicroGrid Cloud Services 
Operators can improve their multiple MicroGrids by setting up a unique hosted MicroGrid 
Control Centre. 
 
This centre is the remote brain of multiple MicroGrids, enabling a better 
performance for each of them, and new services for all stakeholders. 
 
The following set of functions can be delivered as a service, hosted in the operators 
preferred location, or within GE Grid Solutions best in class hosting partners. 
 

Smart MicroGrid Operation Cockpit 
The Distribution operation cockpit will consist of dashboards providing a single pane of 
window for all business processes and system conditions to the MicroGrid operator. This 
component will provide situational awareness displays (Low voltage real time visualization, 
Voltage control and MicroGrid configuration) and corresponding summary of grid operation 
and commercial operation data. On top of these management functions, network 
development, simulation and planning tools can help operators enlarge and multiply 
MicroGrids. 

 

Distributed Resources Management 
Distribution product service management allows MicroGrid Operators to ensure a better 
setting of each local MicroGrid Controller by managing each assets tenant contracts and 
programs from contract to DER KPIs, pre-billing and settlement functions. The software 
provides Distributed resources aggregation and modulation programs, TOU tariff 
management or Multi-Energy Optimizer and operational planning optimization. For 
example, various contracts with a DG operator will be modelled with information such as 
allowable operating limits adjusted in real time. 
 

Advanced Data Analytics Services 

One of the key challenges and opportunities in a smarter distribution operation is how to 
derive added values and decisions from abundance of various operating and economic data.  
This component develops approach and algorithms for the off-line and on-line analytics 
utilizing the combination of grid operation and real time data acquisition. The corresponding 
analytical results will be provided as input to various business processes including DER 
Forecasting & Base Lining. These components can also provide energy efficiency benchmark 
services, flow reconciliation and losses optimization or theft detection. 
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Example of Grid Solutions Cloud Services User Interfaces 
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IMPLEMENTATION EXAMPLE 
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GRID SOLUTIONS MICROGRID REFERENCES 
NICEGRID (FRANCE): 
Set near the city of Nice on the French Riviera, 
the NiceGrid project uses the iDMS 
(Integrated Distribution Management 
System)/DERMS (Distributed Energy Resource 
Management System) Smart Grid platform 
which interconnects smart homes, smart 
buildings, energy storage and an important 
quantity of solar photovoltaic panels, 
gathering them into a single integrated 
MicroGrid. This project offers a better energy 
consumption management 
of the MicroGrid, and connects it to the main 
distribution network. http://www.nicegrid.fr/ 
 
ISSYGRID (FRANCE): 
Currently under deployment in an existing 
business district in Issy-les-Moulineaux, in the 
Paris suburbs, the IssyGrid project is piloted 
with the Alstom/EMBIX™ smart grid platform 
for eco-cities, interconnecting and piloting a 
variety of energy resources in the district such 
as homes with smart meters, smart 
commercial buildings and electrical 
vehicles. http://issygrid.com/ 
 
SMART GRID VENDÉE SIDEV (FRANCE): 
This project aims at delivering a Distributed 
Energy Resources Management System 
(DERMS) for the Vendee department, on the 
west coast of France. It will pilot a range of 
smart grid technologies to tackle the changing 
energy landscape, integrating renewable 
energies and modernising the electricity 
distribution grid. http://smartgridvendee.fr/fr/ 

DEPARTMENT OF ENERGY 
PHILADELPHIA NAVY YARD 
MICROGRID (USA): 
This project will support President Obama’s 
Climate Action Plan and commitment to 
improve power grid resiliency in the USA and 
help critical facilities, communities and cities 
better prepare for possible electricity 
disruptions caused by extreme weather 
conditions. The objective of this funding is to 
perform research, development and testing of 
advanced MicroGrid controllers capable of 
managing and controlling MicroGrid systems 
to improve viability, reliability and resiliency of 
the electric distribution grid. 
http://www.alstom.com/press-
centre/2014/10/alstomreceives-12m-doe-
funding-to-advance-philadelphia-MicroGrid-
project-/  
 
NANYANG TECHNOLOGICAL 
UNIVERSITY (NTU) MICROGRID 
(SINGAPORE): 
The Renewable Energy Integration 
Demonstrator – Singapore (REIDS) initiative, 
will encompass the construction of a 
MicroGrid to manage and integrate electricity 
generated from multiple sources including 
solar, wind, tidal, diesel, as well as energy 
storage and power-to-gas solutions. 
http://www.unece.org/fileadmin/DAM/energy/
se/pp/gere/1st_session_GERE_November_14/
8._Mr._Hans_Puttgen.pdf 

GRID SOLUTIONS MICROGRID OFFERINGS 

Inception Phase 
(Consulting) 

Design Phase 
(Consulting) 

Implementation 
Phase (Project 

delivery) 

Operational Phase 
(Business Services) 

• Strategic Scenario 
Design 

• Business Case 
Formulation 

• Third Party Funding 
facilitation 

• Architectures and 
step by step planning 

• Organisational 
design and change 
management 

• Engineering Training 

• Turnkey delivery for 
local automation and 
IT delivery and 
integration 

• Operational Training 

• Field services 
• IT & IS support 
• Application 

maintenance 
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