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Abstract⎯Microgrids are local power systems that 

may or may not be connected to the distribution system 
and are typically controlled by the local operator. 
Interest in microgrids is rising and it is likely that the 
number of microgrids connected to distribution 
networks will increase. Currently, there is no consensus 
on how microgrids will interact with the distribution 
system ― they have the potential to threaten stability, or 
to assist. However microgrids, with their emphasis on 
sophisticated control in order to manage their particular 
challenges, address many of the problems that will be 
required to overcome in realizing the smart grid. This 
paper examines some of the issues involved in 
connecting microgrids to the distribution networks, and 
illustrates how microgrids have a key role to play in the 
development of the smart grid. 

 

Index Terms⎯Load shedding, microgrid, renewable 
energy, smart grid, stability, storage. 

1. Introduction 
There are many definitions of the term “microgrid” but 

in this work we are interested in a small self-contained 
power system, operating at the consumer voltage, in a 
single geographical location, where generators and loads 
are grouped together, where some renewable generation is 
used, and where local control over these resources is 
exerted at a local level. The importance of renewable 
generation is first, because of a growing pressure from 
climate change concerns, and second, it makes the control 
more challenging. Although microgrids are gaining 
popularity, their potential to address some key 
developmental issues in the smart grids has not been 
adequately addressed to date. 

Microgrids are currently attracting attention due to their 
various benefits[1]-[4], including: 

•  Increased reliability, where they can provide 
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continuous or backup power supplies, for example, 
manufacturing installations; 

•  Higher power security for sensitive applications 
such as government and military; 

•  Local control and ownership, so that the local 
operator can decide on levels of power quality; 

•  A higher share of renewables, if strict control is 
maintained over resources; 

•  Improved environmental profile, if renewables are a 
sufficient share rather than just a token amount; 

•  Reduced cost for remote locations, where the cost of 
transporting diesel fuel is high; 

•  Waste heat utilization, in applications where 
co-generation can be practical. 

At present, many microgrids around the world are 
experimental in nature, being used to investigate issues 
such as high penetration of renewable generation, stability, 
islanding, and protection. However, there are also many 
practical microgrids that are commercially viable due to 
their particular locations or applications. One example is 
the power system installed on an isolated Portugese island 
of Flores[5]. 

An example of an experimental microgrid facility is 
hosted at the Commonwealth Scientific and Research 
Organisation (CSIRO) in Australia. This facility is unique 
in its incorporation of three types of solar photovoltaic (PV) 
technologies, two types of wind power, and three types of 
battery technologies (standard lead acid, the CSIRO- 
developed Ultra Battery, and a Zinc-Bromide flow battery), 
as seen in Fig. 1. Some findings from this facility are used 
in this paper to illustrate some of the issues common to 
microgrids and the smart grid. 

2. Rise of Microgrids  
Anecdotal evidence (media reports and personal 

discussions) suggests an increasing interest in microgrids. 
In order to obtain a more quantitative perspective, a survey 
was performed using Harzing’s Publish or Perish[6], where 
publications between the years 2000 and 2010 were listed 
having the term “microgrid” in the topic. The search was 
restricted to the category “engineering, science and 
mathematics” and excluded any papers containing the word 
“cluster”, in order to avoid counting papers concerned with 
biological micro-arrays or computer clusters. 
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Fig. 1. Microgrid experimental facility at the CSIRO, Newcastle, Australia. 
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Fig. 2. A count of the number of papers found containing the term 
“microgrid”. 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Photovoltaic power output based on a model, compared to 
actual data. 

 
Fig. 2 shows the results of this analysis. A rapidly 

rising trend can be observed. A reduction in numbers for 
2010 is due to the fact that not all papers that will be 
published under this year have yet appeared. Apart from 
this, a rapid increase in microgrids is apparent in the 
literature. 

3. Renewable Generation in 
Microgrids 

The main challenge of renewable energy is its 
intermittent nature[7]. Fig. 3 shows a model of an ideal 
power output graph for a solar photovoltaic array, based on 
a simple cosine function. It also shows the actual power 
output from an array at CSIRO’s microgrid facility, during 
a sunny day with clouds in winter. The time of year results 
in a lower overall output. What is more challenging is that 
the clouds cause rapid fluctuations in power as they pass by. 
Some of these can be up to 90% of available power, and 
can reduce by that figure in a matter of seconds. This 
variability results in several problems. 

First, generation and load imbalance is caused when the 
system moves from a point of balance due to either a 
change in generation by renewable sources or a change in 
the load. In a microgrid connected to the utility grid, the 
imbalance is assumed to be balanced by a net import from 
or export to the grid. However, this may not be the case due 
to the desire to meet contractual obligations, or the rating of 
the link to the grid. Furthermore, in isolated microgrids, 
which comprise the majority of commercial microgrids to 
date, this is not possible. In this case, the microgrid has the 
same challenges as any distribution system but very much 
fewer resources to meet this challenge ― in other words, a 
microgrid is much more granular than a utility-scale power 
system. 

Second, voltage flicker is caused by rapid fluctuations 
of power caused by the changing renewable resource[8]. 
Although this is a transient problem, it can cause other 
problems. 

Ideal

Actual

0       4        8       12      16      20      24
Time 

120 
 

100 
 

80 
 

60 
 

40 
 

20 
 

0 

Ideal
Actua

Po
w

er
 g

en
er

at
io

n 
(k

W
) 

(hour) 



CORNFORTH: Role of Microgrids in the Smart Grid 11

 
 
 
 
 
 
 
 
 
 
Fig. 4. Inverter shutdown due to change in frequency change in an 
islanded microgrid. 
 

Third, power system instability occurs when 
oscillations arise due to the rapidly changing electrical 
conditions in the microgrid. Such instability can cause 
devices to momentarily exceed their rated capacity and trip 
off. This is in turn can lead to an imbalance between 
generation and load and can cause further instability, 
eventually resulting in the complete collapse of the 
microgrid. Fig. 4 shows a shutdown of inverters used for a 
small solar PV array, in response to a change in frequency 
within an islanded microgrid. This experiment was 
performed on the CSIRO microgrid facility mentioned 
earlier. 

Fourth, reactive power compensation may be a problem, 
as many commercial inverters used to couple renewable 
energy sources are preset to produce utility power factor. 
As renewable generation varies, it may be difficult to meet 
the needs of reactive loads. 

There are a number of approaches to these problems. 
By far the most common is to limit the proportion of 
renewable generation so that these problems are minimized. 
However, most of the currently existing commercially 
viable microgrids are viable precisely because they have a 
large share of renewables, so that fuel imports are kept to a 
minimum.  

The next most common approach is to provide 
sufficient spinning reserve. This brings its own problems, 
because the machine thus used must be able to ramp up and 
down their power output quickly without causing 
significant damage to the machines. However, the careful 
specification of machines can reduce such damage[5]. 

If a large share of renewable energy is given, then a 
number of other solutions present themselves: 

• A mixture of generation types, to reduce overall 
variability. 

• Storage ― batteries, super capacitors, flywheels, 
thermal, compressed gas, etc. 

• Load prioritization and automated load shedding. 
• Forecasting of load and weather to reduce unexpected 

changes in the system operating point. 
These solutions are all under investigation by CSIRO at 

their custom built microgrid facility and some selected 
findings are presented in this paper. The importance of the 

success of these approaches is whether they can enable the 
microgrid to be a benefit to the distribution networks, rather 
than simply passing the problem of renewable energy on to 
utilities to deal with. 

4. Storage in Microgrids 
The importance of commercial implementations of 

microgrids is shown by examples that demonstrate the 
effectiveness of microgrids particularly in remote or 
regional areas. Here, the cost of building special power 
systems is offset by savings in fuel which would otherwise 
have to be transported to these remote locations[5]. The 
problem of the intermittent nature of renewables is solved 
by providing spinning reserve that can respond rapidly and 
to use short-term storage to reduce response time. 

Many of the isolated microgrid installations around the 
world have been driven by the need to provide reliable 
power to remote communities[9]. In order to address the 
problems inherent in remote power systems, especially 
those that include a large proportion of renewable 
generation, one successful approach that stands out is the 
use of storage devices based on flywheel technology[5]. 

A flywheel energy storage system (FESS) consists of a 
rotating electrical machine that can operate as a motor or 
generator, an electronic power converter, and a controller. 
When there is a surplus of power within the microgrid, the 
machine operates as a motor. Electrical energy is converted 
to mechanical kinetic energy, increasing the speed of the 
rotor, since kinetic energy, Er is given by: 
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where I is the moment of inertia of the rotor, and ω is its 
angular velocity. The machine is designed to have a 
relatively large rotational inertia, since this determines the 
amount of energy stored. The speed at which the machine 
operates is determined by the mechanical constraints on the 
materials. 

It is important to understand that the amount of power 
stored in a flywheel is relatively small and cannot be 
expected to correct large imbalances of power in a 
microgrid. A typical FESS used in an isolated microgrid is 
350 kWh to 5 kWh[5]. This means that the FESS can absorb 
or supply power at the rate of 350 kW, but only for about 
50 seconds. In relation to the system installed on Flores 
island, for example, with a given wind power capacity of 
630 kW, a sudden drop in wind speed might result in a drop 
in power of similar magnitude. The best that could be 
expected of the FESS in such a circumstance would be to 
provide that power for 50 seconds. In fact the FESS does 
not provide the bulk of power to balance variation in 
renewables, as this is left to the spinning reserve in the form 
of conventional generation (i.e. diesel engines). However, 
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the FESS is able to provide many services[8] to address the 
problems mentioned above. 

One of the most well-known energy storage systems is 
the battery. When planning for battery storage, several 
factors must be taken into account: 

• The goal of battery operation; 
• The timescale of interest for smoothing; 
• The capacity of the battery; 
• The rate of charge and discharge; 
• The algorithm for battery change and discharge. 
The goal of the battery depends upon the microgrid 

operator’s policy, constraints, and desired outcomes. The 
goal might be to provide voltage or frequency support or to 
balance reactive power. 

The timescale might be minutes, where the priority is to 
smooth variable output from renewable generation, or hours, 
where load-shifting is the priority[10]. The same authors 
show how the capacity of the battery can be estimated from 
historical data, and propose some algorithms for battery 
control. 

If more than one time scale is of interest, a hybrid 
device can be used. One example is the Ultra battery, which 
combines a lead-acid battery and super capacitor in one 
unit[11]. This combines long-term energy storage with the 
ability to rapidly provide and absorb charge. 

5. Load Shedding in Microgrids 
Load shedding is one name given to the action of 

turning off loads specifically to achieve some target in an 
electrical system, as opposed to operating loads for the 
benefit of the consumer. Alternative names include demand 
response, demand management, demand side management, 
and load control. The target is either steady state matching 
of generation and load, or temporary improvement of 
stability, or cost reduction. A variety of methods are used 
by utility companies to reduce load during peak demand 
periods or to reduce instability. Although a microgrid is a 
very different system from a large electricity network, 
many of the same principles apply. 

There are two main load shedding techniques currently 
employed in utility power systems[12]. The breaker interlock 
scheme works by sensing the originating fault at the circuit 
causing a fault. This can be a generator shutting down. This 
signal is then conveyed to other breakers that remove 
sub-circuits according to a pattern determined in advance. 
This scheme is very inflexible, since this pattern cannot be 
changed to suit conditions, and therefore the wrong amount 
of load may be shed. However, it is fast since there is no 
processing overhead. The second common scheme is 
implemented using under-frequency relays. Each relay has 
a set point, and operates after a set time has elapsed, to 
avoid nuisance operation. However, this is slower due to 
the time delay, and can also result in shedding the wrong 

amount because the actual power being drawn by sheddable 
loads is not known. 

The majority of load shedding algorithms that appear in 
literature are frequency based. This is logical, since with 
conventional generation being dominated by rotating 
machines, as load increases on a machine, its speed 
decreases slightly. In this way, frequency and power 
balance are directly related. As generated power is reduced, 
frequency falls, and when generated power is insufficient to 
meet demand, frequency falls below the nominal systems 
frequency. As generated power increases, there is an 
opposite effect. This means that generation load imbalance 
can be easily detected by measuring the frequency. This 
effect is often assumed to be linear within limits, as 
reported in the work of Schweppe, who filed an early US 
patent for a load shedding device in 1979[13]. In this work, 
the primary mechanism for load shedding was to switch 
load at a threshold.  

An important advantage of using frequency is that no 
additional communications devices are required ― the 
frequency is available at every point in the system. A 
possible disadvantage is that deviations in frequency can be 
small and need to be measured accurately. Another measure 
used for load shedding is the rate of change of frequency. 

A more sophisticated approach to load shedding for a 
large industrial plant is relevant to microgrids, since in this 
work the plant is assumed to have its own captive power 
plant, and so forms a combination of loads and generation 
situated in one geographical location, rather like a 
microgrid, but without the renewable energy generation[14]. 
Of the reasons stated for a more sophisticated control 
mechanism, several are relevant for microgrid operation: 

• The generating capacity of the site varies widely; 
• The rate of change of frequency can be high; 
• The number of loads is small. 
The scheme requires communications within the site to 

report the position of each breaker and the state of each 
load and generator. Because of this, the system is able to 
measure the actual load and generator balance, instead of 
relying on a secondary signal such as frequency. All loads 
have a priority, and a list of rules is applied to decide what 
action to take given each circumstance. 

A trial of load shedding in consumer appliances was 
carried out in the Pacific Northwest of the USA by the 
Pacific Northwest National Laboratory. The trial used 150 
clothes residential dryers that were modified to measure 
frequency and switch off when the frequency dropped 
below 59.95 Hz. This represents a step response based on a 
fixed threshold, commonplace in substations that 
implement under-frequency relays to shed entire feeders. 
Although all appliances operated as desired, and consumers 
reported no noticeable effect, the collective size of this load 
was considered too small to be effective in protecting the 
system from generation load mismatches [15]. 
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A similar approach is recommended by [12]. The 
shortcomings of existing load shedding schemes are 
described. The intelligent load shedding scheme proposed 
by the authors requires continuous information about the 
system including power flow from each generation source 
and from the grid, behavior of each generator, state and 
type of each load, knowledge of the systems layout, and a 
knowledge base built on actual cases of system behavior. 
Although there are obvious advantages with such a 
comprehensive approach, it means that once it has been 
installed, it cannot be transferred to a new system without a 
complete reconfiguration, collection of new example cases, 
and tuning of the controller. In addition, although the 
authors refer to their scheme as an “optimum” solution, a 
formal approach to optimization is not included. 

Several attempts have been made to include 
optimization in the choice of loads to shed. One example [16] 
formulates the load shedding problem as optimization of 
imbalance for both real and reactive power. This work uses 
a linearly constrained Lagrangian solver and compares 
results to other given examples including Newton-Raphson 
and a second order gradient technique. Such techniques 
hold promise but there is a need to demonstrate these in a 
working microgrid. 

6. Load Shedding Experiments 
Here we provide a brief example of automated load 

shedding carried out in the CSIRO microgrid facility. This 
experiment demonstrates the application of a simple 
multi-objective optimization technique. A PV array with a 
nominal power output of 20 kW was connected in a 
microgrid along with 16 kW of sheddable load. Grid power 
was supplied via the point of common coupling (PCC). 
Power transferred through the PCC was monitored with the 
aim to keep this constant while PV output was varying on a 
cloudy day, similar to the conditions of Fig. 3. The load 
shedding was carried out using loads of 1 kW, 2 kW, 4 kW, 
8 kW, 16 kW and 32 kW resistive, switched using 
thyristors. Switching delays were apparent due to 
measurements and communication delays. With the 
constraint that a maximum of 2 loads can be switched at 
any time, an exhaustive search was used at each switching 
interval to determine the most suitable loads to switch. The 
results are shown in Fig. 5. 

Fig. 5 shows that load switching is able to maintain a 
good balance between load and generation (within 2 kW, 
due to the finite size of switchable loads, and thresholds 
used in the control algorithm). Although, in a practical 
microgrid, not all loads can be switched in this way, it is 
clear that such methods point the way to future 
developments. In practice it is likely that a mixture of 
generation types, storage, and load shedding would be 
required to maintain an adequate power balance in the 

microgrid. 
In reality, loads have a different tolerance of switching, 

and this can be accommodated by setting a priority for 
loads. For example, a further experiment was performed in 
the CSIRO microgrid laboratory, where different priorities 
were set for each load. Fig. 6 shows the number of times 
each load was switched. Loads with uniform priority were 
more likely to be switched if they were smaller, with the 
exception of the 1 kW load, which was switched less often 
than the 2 kW load. This is to be expected, as smaller loads 
will be switched not only when there are smaller errors in 
the power balance, but often for larger errors, along with a 
larger load. When a different priority was assigned to each 
load, the distribution changed to more closely resemble the 
priorities assigned. These were 2, 7, 3, 5, 4, 9, meaning that 
the 1 kW load had the lowest priority, while the 32 kW had 
the highest priority, followed by the 2 kW load. What this 
experiment shows is the possibility of switching loads 
based on more sophisticated criteria than simply a fixed 
priority. In this case two criteria were used – match with 
available generation, and priority ― but this method could 
easily be extended to allow multiple criteria or constraints, 
such as loads that once switched on should not be switched 
off for a given amount of time. This is more realistic of 
actual conditions. 
 
 
 
 
 
 
 
 
 
 

 
 
Fig. 5. Solar photovoltaic power output matched to load using 
automatic load shedding, during a cloudy day in summer. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Number of times each load was switched, for loads with 
Homogenous or Heterogeneous priority. 
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7. Power Quality in Microgrids 
From the perspective of a power utility, microgrids may 

appear as a threat, both from the viewpoint of competition 
as energy provider and as a potential cause of power quality 
problems. However, it is clear the microgrids have potential 
to assist with distribution utilities; it just depends on how 
they are implemented. The advantage from the utility is that 
the problem of renewable integration can, to some extent, 
be shifted away from utility to private microgrid operator. It 
follows that utilities should be actively encouraging the use 
of microgrids, as a difficult problem, which is not part of 
core business, can be effectively shifted away to the private 
operator to deal with. As the microgrid operator is closer to 
the point of power consumption, this can assist consumers 
to take more responsibility for the power they use. 

Another perspective on microgrids comes from the 
more experimental installation in Sendai, Japan. Here, a 
group of collaborating organizations have installed a 
microgrid to demonstrate how power quality may be 
controlled in a community setting [17]. This microgrid serves 
loads within several sectors. In the first, a university, a 
server room and teaching rooms are served. Within the 
second, an adjoining nursing home is served. Within the 
third, a municipality owned sector, a local school and a 
pumping station are served. This allows the microgrid to 
deliver power of varying quality to different types of loads. 
Power at quality A is used for loads that should never be 
interrupted. Power at quality B may be interrupted, but is 
graded according to the loads served. Quality B1 is 
supported by storage in the event of a blackout. Quality B2 
is supported by distributed generation, which is slower to 
react than B1. Quality B3 is not supported – if there is a 
power cut this service will be interrupted. An unusual 
feature is the presence of telecom loads that require a direct 
current (DC) supply, in addition to the more usual 
alternative current (AC) loads. The sixth quality of power is 
normal AC power, served direct from the grid. Another 
emphasis of this work was on seamless transitioning from 
grid to island modes of operation. 

8. Smart Grid 
The smart grid is a concept for a next generation robust 

electricity distribution grid[18]. In this vision, the grid is a 
network of interconnected smart devices, implementing 
distributed control, yet working collectively as an adaptable 
and intelligent machine that can reconfigure itself to 
respond to threats. It incorporates a desire to reduce 
greenhouse gas emissions and use energy more efficiently, 
while increasing the quality of power and meeting the 
needs of consumers. It embraces market deregulation, 
acknowledging the multiple interests and stakeholders in 
the power generation and distribution industry. Some of the 

benefits offered by the smart grid are: 
• Increased use of renewable energy; 
• Reduced cost of electricity for consumers; 
• Improved efficiency of electricity systems; 
• Increased reliability of electricity systems. 

However, the smart grid as often proposed in academic 
literature is a radical transformation of huge proportions, 
and there are significant challenges to solve before this 
vision becomes reality. Some of these challenges are now 
discussed. 

Automation. It is an enormous task to replace or 
upgrade every device throughout the network. The smart 
grid concept calls for every circuit breaker, every 
transformer, every recloser, every pole top capacitor to be 
capable of sending its status information upon request, and 
to be actuated remotely. Currently, circuit breakers and 
reclosers have little sense of their environment and have no 
ability to make complex decisions in response to that 
environment[19]. However, current microgrid research is 
addressing exactly these issues. 

Communications. To allow data collection and control, 
a nationwide high bandwidth communication system must 
be provided. Although the internet could serve as the 
backbone, it is unclear if this will be reliable, fast and 
secure enough. Again, microgrids have the same issues, 
which are the focus of current research. 

Control. The coordination of such large numbers of 
devices will lead to problems of scalability if a centralized 
controller is used. Centralized control places heavy 
demands on the communications networks and processing 
power of the control device[20]. Centralization also has 
“point-of-attack” issues and is prone to system-wide 
failures if the central controller fails. It is not clear what is 
the maximum level (utility, substation, zone) at which a 
centralized system could be feasible. With decentralized 
control, other problems arise such as conflict resolution, 
situational awareness and bandwidth requirements for peers 
to interact. A reasonable approach is to trial candidate 
solutions within a small system, such as offered by a 
microgrid. 

Stability. With an increase in renewable energy sources 
that are by nature intermittent, the resulting surges in power 
have the potential to cause more instability in the network. 
However, these are exactly the same problems that are 
currently being addressed in microgrid research, and it is 
therefore likely that resulting findings will assist in this 
area. 

Emergent properties. Complex systems science predicts 
that large systems with distributed control can experience 
unexpected collective operation of the system as a whole, 
even though the properties and behavior of every 
component are well known and well understood. For 
example, disturbances that cascade beyond local events 
generally do so as a consequence of unexpected protection 
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operation[21]. Power systems are examples of self-organized 
critical systems[22]. As the critical points are where the 
power systems are operating at peak load and where the 
risk of cascading failure is the highest, it follows that the 
point, at which it may be desirable to operate, to satisfy cost 
constraints, is also the most dangerous. 

9. Engineering the Smart Grid 
The power system of the United States, if it can be 

taken as a whole, has been described as the largest machine 
in the world [23]. Once the smart grid is realized, perhaps it 
will be described as the largest smart machine in the world. 
Putting aside opinions about the use of such terms as 
“smart” in relation to modern power systems, it is certainly 
evident that the future holds promise of very large 
supervisory control and data acquisition (SCADA) systems 
in relation to what is known as the smart grid. It is possible 
that at some point during the next 20 years, such a system 
will become the largest and the most complicated SCADA 
system ever built on the planet. In fact, the complexity may 
require new design methods that are only just emerging, 
methods that will result in a grid that is adaptable, robust, 
self-healing, self-configuring, and self-protecting[24]. 
However, there are many questions as to how this can come 
about. In contrast to popular visions of the smart grid, the 
reality is that no utility will rush to expose themselves to 
the risks inherent in large-scale deployments of intelligent 
internet-coupled infrastructure. A more likely path to the 
smart grid is through small-scale deployments where smart 
grid concepts such as load shedding, peak shaving, adaptive 
switching etc. can be tested in a sandbox, and benefits to 
utility and consumers can be thoroughly examined. 
Microgrids offer such an environment. 

Furthermore, the ubiquitous human solution to dealing 
with complexity is to break a large system into smaller 
modules, and limit the interaction between modules, in 
order to control behavior modes and avoid “emergent 
properties” that would be detrimental to stability. This is 
apparent in many domains, both in natural and artificial 
systems, including mathematics, plant structures, language, 
software engineering, and manufacturing [25]. It is for these 
reasons that the microgrid concept has an obvious 
application to the smart grid. Here is a ready-made module 
that can be studied as an entity. The interaction of the 
microgrid with the wider grid can be defined and restricted 
so that undesirable effects are avoided. Viewed in this way, 
the microgrid is a possible transitional route to the smart 
grid. 

10. Conclusions 
The rise of interest in microgrids is timely considering 

the concurrent development of ideas regarding the smart 

grid. There is still an open question regarding the exact 
form of smart grid developments in the future. However, it 
is likely that renewable generation will form an important 
part, and the intermittent nature of this brings problems that 
are still an active research area. Microgrids provide one 
possible way forward, with their emphasis on inclusion of 
renewable generation, and their potential for local control 
leading to stability. Microgrids have certainly proved 
themselves to be a practical approach to providing power in 
remote locations, and it follows that if they can be operated 
with stability off-grid, they are also capable of stable 
operation when connected to the grid. Moreover, 
microgrids can prove to be an asset if correctly regulated. 
The forms of regulation that will emerge are not clear at 
this stage, but several collaborative models exist. The 
example of the Sendai microgrid shows that beneficial 
results can be obtained through collaboration between 
interested parties. Such projects are still in the research 
phase, but point the way to the integration of microgrids 
and their positive contribution to the distribution utility. In 
time it may turn out that microgrids are the key technology 
in the development of the scalable smart grid. 
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