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Executive Overview 
Microgrids are autonomous electricity environments that operate within a larger electric 
utility grid. While the concept is not new, microgrids are gaining new attention in the 
industry as a potentially efficient solution to the combined challenges of: 

• Integrating power from small, distributed generation facilities, such as rooftop solar, into 
the grid. 

• Charging non-fleet electric vehicles. 

• Incorporating storage from batteries and other storage devices.  

Safety and system reliability will continue to be a primary responsibly for utilities 
operating distributed microgrids. This paper discusses Oracle’s approach to design and 
development of microgrids.
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Why Use Microgrids? 

Microgrids are typically contained electrical areas embedded in neighborhood(s), high-rise 
buildings, retail shopping areas, or commercial parks. They are generally located inside a single 
electrical utility’s service territory,1

• Distributed energy resources and/or advanced energy storage located within the microgrid’s 
geographic area. 

 and they rely on the utility for many services. However, they 
also operate semi-independently to handle: 

• Some or most local demand. 

 Safety and system reliability must be a core foundation to microgrid development on utility 
operations.  

Microgrids are not new. Military bases, refineries, and other large facilities frequently rely 
primarily on their own on-site generation while remaining connected to the local utility for 
supplemental power and other services. Today’s expansion of microgrids does not, however, 
envision a return of decentralized fossil fuel generation. Instead, these new microgrids use 
distributed micro-site generation from renewable resources like solar photovoltaic rooftops, in 
combination with local battery or other energy storage, to meet the increased demands for 
electricity—especially for charging electric vehicles. Microgrids should also make it easier to 
control power quality and thus better accommodate advanced technologies and manufacturing 
techniques. 

 
 
 
1 Though single-utility microgrids are typical, nothing precludes a microgrid from overlapping two 
or more utilities. 
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As microgrids evolve, they will increasingly aggregate distributed generators into “virtual power plants.”  This aggregation will facilitate 

the entry of distributed generation into the physical grid and into the market while also permitting distributed and central generators to 

share operational control. 

Today’s microgrids are envisioned to solve problems that are difficult to handle on a large scale 
but manageable when confined to a small geographic area. Such problems include: 

• Integrating power from small, distributed generation facilities, such as rooftop solar, into the 
grid. Today’s net-metered generation—frequently consisting of a few kilowatt hours delivered 
on an unpredictable schedule— is largely useless within the context of a large utility geared to 
handling megawatts of power for tens of thousands of customers simultaneously. Microgrid 
software, in contrast, can be fine-tuned to the potential production from local sources and 
supplemented with weather and other information that brings considerable predictability to 
“non-dispatchable” generation from variable renewables. 

• Charging non-fleet electric vehicles. Today’s utility aims to accommodate, without brown- or 
blackouts, any amount of demand at any time. Using this model to accommodate electric 
vehicles would likely require a massive increase in infrastructure and generation. A microgrid, 
however, could use local, variable generation to charge vehicle batteries intermittently, as 
power was available. Such a model could, of course, be managed on a large, centralized basis. 
But it is likely to be far easier to design and control when envisioned and operated on a smaller 
scale. 
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• Incorporating electricity storage from batteries and other storage devices. Microgrids could use 
excess local generation to charge these resources in off-peak periods, where low-priced energy 
is readily available, and draw from them at peak-demand periods when power runs short, and 
whole prices are highest, thus limiting the amount of generation they require from central 
generators.  Microgrids should manage the storage charge-discharge algorithms in order to 
provide an energy arbitrage benefit that more than offsets round trip efficiency losses of the 
storage technology. 

Microgrid Design 

Below is a typical microgrid design.2 

 

 
 
 
2 While this diagram shows only one distribution substation, multiple substations could be part of a 
single microgrid depending on overall configuration and connections to the main transmission system. 
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The microgrid contains many individual demand points. Some are traditional: electricity 
consumed as called for and needed. Others are “intelligent,” in which the electrical connection to 
the customer uses one or more of the following: 

• A “smart” meter and “advanced metering infrastructure” (AMI) to record consumption in 
intervals and to enable utilities to vary electricity prices according to the interval in which 
power was consumed.   

• A “home area network” (HAN) that connects most if not all of the customer’s major electrical 
apparatus together and is managed by a “home controller.” This network would generally be 
capable of turning on and off devices based on the personal profile of the consumer, using 
“real time” pricing information received from the utility or some other provider, such as a load 
aggregator.   

• On-site power sources, such as advanced energy storage (batteries using highly advanced 
storage techniques), personal generators (“rotating” generation, such as a motor-generator pair 
or a small wind generator) and/or passive generation (photovoltaic arrays). These may or may 
not be linked to the utility’s distribution system. 

• Demand control for specific devices that permit electricity flow only under specific conditions, 
such as time of day and/or price level. Such control is a probable requirement for utilities to 
manage the recharging of very large numbers of electric vehicles distributed throughout its 
territory. 

Complicating this picture is the fact that changes will take place over time. Initially, “smart” 
homes will be minimal in number. Some neighborhoods will continue as they are today. Others 
will change more rapidly. Microgrids must dynamically accommodate new smart devices, 
including beyond-the-meter devices as they are added to the network.  Thus standards-based 
integration and modeling is key requirement although many of these standards are being 
developed now. 

Controlling the Microgrid 

Microgrids will need to: 

• Handle various amounts and locations of real-time data and information processing in 
constantly changing and largely unpredictable patterns. 

• Provide power delivery based on contractual rules, price signals, and operating conditions. 

• Make operational changes needed to maintain optimal electric reliability while insuring the 
quality required by highly technical equipment. 
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It is simply not feasible for human operators to make and implement all of the necessary 
decisions. Microgrids will need distributed automated controllers that provide the necessary real-
time analysis and immediate application in this very dynamic environment. 

The diagram below depicts the conceptual architecture for this new distribution-based controller. 

 

Conceptually, a utility’s distribution system could have any number of microgrid master 
controllers (MMCs). The actual number will be dictated by those areas that have a preponderance 
of distributed energy resources, advanced energy storage facilities, and “smart” consumers 
(residential customers or light “commercial” customers, but not large industrial enterprises, 
which would likely have individual arrangement with the utility and with designated energy 
providers).   

In this design, MMCs communicate and take direction from the overarching real-time network 
model authority, Distribution Management System (DMS). An authority such as DMS has to 
have overall real-time knowledge of all distribution areas to insure that energy is supplied to all 
parts of the network that need additional energy. The DMS may need to adjust energy needs 
elsewhere to accommodate excess electricity from distributed resources and may route this 
excess to an adjacent distribution area that is experiencing a deficit.  

In addition, each MMC will have a direct connection to all of those devices (for distributed 
energy resources, advanced energy storage, dynamic demand, reactive power supply, etc.) that it 
has “responsibility” to coordinate and potentially operate. Smart meters will facilitate 
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communication between home area networks (HANs) and microgrid controllers in order to 
facilitate demand (variable and/or real-time) pricing. 

New, smart electrical switching throughout the microgrid will enhance reliability and safety. This 
new switching will replace the old arrangement of automatic reclosers working in conjunction 
with fixed fusing typically dispersed today throughout the distribution area. This new smart 
switching equipment will be able, during an unplanned event, to re-configure portions of the 
distribution network automatically, so that the greatest number of customers continues to receive 
electricity. 

Initially, microgrids will use the interface between the DMS and the utility’s prevalent SCADA 
system for all SCADA-related events. However, as experience with microgrids grows, and as they 
evolve over time, direct communications and operation without the intervention of the SCADA 
system should be possible. In the future, SCADA will focus increasingly on the transmission 
system, and MMCs will handle all distribution-related data acquisition and control. 

MMCs and related field devices will communicate via either dedicated communication circuits 
utilizing protocols such as the Internet Protocol (IP) and/or applicable wireless capabilities. 
Additionally, the communication mechanism between MMCs and the DMS will most likely be 
IP-based, utilizing the existing utility communications infrastructure. 

Since these devices and their associated communication infrastructure will be critical to the 
reliable supply of electricity, redundancy will be necessary for both. Security of the 
communication infrastructure will certainly be an additional factor. 

Results 

The introduction of microgrids promises: 

• Additional reliability. 

• New services. 

• Lower costs to the utility customer than would be the case if utilities were to attempt to 
address distributed renewable generation, electric vehicles, and battery storage in other ways.    

These benefits arise from the ability to localize the evaluation and application of proven 
optimization techniques to a prescribed area of a utility’s distribution system. Additionally, the 
installation and operation of new energy sources and battery technologies permit microgrids to 
be largely self-sufficient. In fact, without the introduction of microgrids, utilities will find it all but 
impossible to manage the new technology effectively while providing the Smart Grid benefits 
customers expect. 
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There are additional benefits when the industry implements multiple microgrids throughout a 
region and beyond. These include: 

• More complete use of generation. Today a typical 500 KV transmission line that’s 100 miles in 
length and operating at maximum capacity, may see losses as high as 5 to 8 percent. In other 
words, for a 1,000 MW generator operating at maximum capacity, over 50 MWs (power that 
could supply 50,000 homes with electricity) will be lost as a result of transmission “resistance.” 
Microgrids, which can supply energy closer to the demand, can avoid most of this loss. 

• The postponement (or at least considerable delay) in the construction of new major 
transmission facilities. If microgrids can supply most residential and commercial needs with 
distributed energy resources located in close proximity to the demand, no (or little) additional 
high voltage transmission capacity will be necessary. 

• Enhanced transmission grid reliability. Coordination among microgrids means that, whenever a 
disturbance occurs (manmade or natural), the microgrid master controllers (MMCs) can 
respond accordingly. By reducing demand, adding more generation, and undertaking intelligent 
switching, the controllers can prevent an escalation that results in large-scale system blackouts. 
If enough demand can be removed quickly from the overall grid, cascading events cannot 
occur over wide geographic areas. 

Conclusion 

Microgrids have long existed at military bases and refineries. Today, microgrids are a culmination 
of many smart grid technologies.  Safety and reliability must continue to be a microgrid priority 
as utilities integrate more distributed smart grid technologies.  Developments like smart meters, 
distributed energy resources, and electric vehicles are increasing both the potential benefits of 
microgrids and the ease with which they can be implemented and operated.  

Microgrids hold out the promise of increased reliability and new services (dynamic pricing, 
distributed energy resource management) to the customer. 

In addition to these localized consumer benefits, microgrids benefit the overall power system by 
deferring the need for conventional central power plants and high voltage transmission capacity 
and lowering the losses that occur today due to the large distances between generation sources 
and demand they serve. Microgrids also have the strong potential to enhance overall system 
reliability through the ability to respond quickly and in a localized fashion to maintain required 
power balances during minor and major disturbances. 
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