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(57) Abstract: The present disclosure relates to a microgrid 100 connecting at least one distributed electricity generator 130. The
microgrid comprises a first switch 111 configured for, in a closed position, connecting the microgrid to a first network line 121 at a

o first point of common coupling (PCC) 14 1 and for, in an open position, disconnecting the microgrid from the first network line at
the first PCC; a second switch 112 configured for, in a closed position, connecting the microgrid to a second network line 122 at a

o second PCC 142, and for, in an open position, disconnecting the microgrid from the second network line at the second PCC; and a
control unit 150 configured for, when an islanding event has been detected when the second switch is in its closed position and the
first switch is in its open position, acting to close the first switch, bringing it to its closed position.



REDUNDANT POINT OF COMMON COUPLING (PCC) TO REDUCE
RISK OF MICROGRID'S ISLANDING

TECHNICAL FIELD

The present disclosure relates to a microgrid connecting at least one

distributed electricity generator and having first and second points of

common couplings (PCC) to an alternating current (AC) power grid.

BACKGROUND

A microgrid is a localized grouping of electricity generation, energy storage,

and loads that normally operates connected to a traditional centralized grid

(macrogrid) via a point of common coupling (PCC). This single point of

common coupling with the macrogrid can be disconnected, islanding the

microgrid. Microgrids are part of the structure for so called distributed

generation (DG) aiming at producing electrical power locally from many

small energy sources.

A microgrid (in grid connected mode, i.e. connected to the macrogrid)

supplies the optimized or maximum power outputs from the connected DG

sites and the rest of the power is supplied by the macrogrid. The microgrid is

connected to the macrogrid at a PCC through a controllable switch. This grid

connection is lost during grid fault and microgrid is islanded.

US 8,447,435 generally discloses connection between and control of a

plurality of microgrids with a PCC to the macrogrid.

To avoid islanding, multiple PCC can be used. Multiple PCC connection may

provide improved grid reliability but power management, protection, power

flow control, stability and islanding detection (at one PCC point) become

more complex.

SUMMARY

It is an objective of the present invention to alleviate the problems of the

prior art mentioned above, by reducing the risk of islanding while avoiding

the increased complexity of using a plurality of PCCs. The solution of the



present invention is to connect at only one PCC, but being able to connect via

another PCC when islanding is detected.

According to an aspect of the present invention, there is provided a microgrid

which is connecting at least one distributed electricity generator. The

microgrid comprises a first switch configured for, in a closed position,

connecting the microgrid to a first network line at a first point of common

coupling (PCC) and for, in an open position, disconnecting the microgrid

from the first network line at the first PCC; a second switch configured for, in

a closed position, connecting the microgrid to a second network line at a

second PCC, and for, in an open position, disconnecting the microgrid from

the second network line at the second PCC; and a control unit configured for

acting to close the first switch, bringing it to its closed position, when an

islanding event has been detected when the second switch is in its closed

position and the first switch is in its open position.

According to an aspect of the present invention, there is provided a method

performed by a control unit for a microgrid. The microgrid connects at least

one distributed electricity generator and comprises a second switch in a

closed position, connecting the microgrid to a second network line at a

second PCC, and a first switch in an open position, disconnecting the

microgrid from a first network line at a first PCC. The method comprises

detecting an islanding event occurring; and acting to close the first switch,

bringing it to its closed position, in response to the detected islanding. Thus,

the microgrid is connected to the second network line via the second switch,

when islanding is detected prompting the closing of the first switch for

connecting the microgrid to the first network line.

By means of embodiments of the present invention, islanding can be handled

by having a plurality of available PCC:s, while control complexity is kept low

by not having all the available PCC:s active at the same time.

In some embodiments, the control unit is also configured for detecting the

islanding event occurring, and the acting to close the first switch is in



response to the detected islanding. Alternatively, the islanding may be

detected in some other way, e.g. manually, and information about the

occurred islanding may be inputted to the control unit.

In some embodiments, the control unit is configured for acting to open the

second switch, bringing it to its open position, in response to the detected

islanding. This may be convenient to avoid any interference to occur via the

second PCC.

In some embodiments, the first network line is comprised in the same

network grid as the second network line.

In some other embodiments, the first network line is comprised in a first

network grid and the second network line is comprised in a second network

grid, different than the first network grid.

In some embodiments, the control unit is configured for receiving

information about a voltage of at least one bus in the microgrid and a power

of the distributed generator.

In some embodiments, the control unit is configured for periodically

receiving information about a power flow in the microgrid.

In some embodiments, the control unit is configured for periodically

receiving information about a grid voltage of the first network line when the

first switch is in its open position.

In some embodiments, the control unit is configured for calculating a flow

reference for the first PCC when the first switch is in its open position, and

for using said power reference for controlling power flow over the first PCC

when the first switch is in its closed position.

In some embodiments, the control unit comprises a central controller as well

as a first interface controller for controlling power flow over the first PCC and

a second interface controller for controlling power flow over the second PCC.



In some embodiments, the microgrid comprises a third switch configured for,

in a closed position, connecting the microgrid to a third network line at a

third PCC, and for, in an open position, disconnecting the microgrid from the

third network line at the third PCC; wherein the control unit is configured for

acting to close the third switch, bringing it from its open position to its closed

position, in response to the detected islanding.

Generally, all terms used in the claims are to be interpreted according to their

ordinary meaning in the technical field, unless explicitly defined otherwise

herein. All references to "a/an/the element, apparatus, component, means,

step, etc." are to be interpreted openly as referring to at least one instance of

the element, apparatus, component, means, step, etc., unless explicitly stated

otherwise. The steps of any method disclosed herein do not have to be

performed in the exact order disclosed, unless explicitly stated. The use of

"first", "second" etc. for different features/components of the present

disclosure are only intended to distinguish the features/components from

other similar features/components and not to impart any order or hierarchy

to the features/components.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments will be described, by way of example, with reference to the

accompanying drawings, in which:

Fig 1 is a schematic block diagram of an embodiment of a microgrid in

accordance with the present invention.

Fig 2 is a schematic block diagram of another embodiment of a microgrid in

accordance with the present invention.

i 3 i a schematic block diagram of another embodiment of a microgrid in

accordance with the present invention.

Fig 4 is a schematic block diagram of another embodiment of a microgrid in

accordance with the present invention.



Fig 5 is a schematic block diagram of another embodiment of a microgrid in

accordance with the present invention.

Fig 6 is a schematic block diagram of another embodiment of a microgrid in

accordance with the present invention.

Fig 7 is a schematic flow chart of an embodiment of a method in accordance

with the present invention.

DETAILED DESCRIPTION

Embodiments will now be described more fully hereinafter with reference to

the accompanying drawings, in which certain embodiments are shown.

However, other embodiments in many different forms are possible within the

scope of the present disclosure. Rather, the following embodiments are

provided by way of example so that this disclosure will be thorough and

complete, and will fully convey the scope of the disclosure to those skilled in

the art. Like numbers refer to like elements throughout the description.

Figure 1 schematically illustrates an embodiment of a microgrid 100. The

microgrid comprises at least one distributed generator (DG) 130, often

several DG:s 130, and possibly one or several loads. The DG 130 may typically

generate direct current (DC) why the microgrid may typically be a DC grid.

The microgrid 100 comprises a first switch 111 configured for, in a closed

position, connecting the microgrid 100 to a first network line 121 at a first

PCC 141 and for, in an open position, disconnecting the microgrid from the

first network line at the first PCC. The first network line 121 is part of a first

network grid 101, such as an alternating current (AC) grid e.g. a public AC

network or macrogrid. The microgrid 100 comprises also a second switch 112

configured for, in a closed position, connecting the microgrid 100 to a second

network line 122 at a second PCC 142, and for, in an open position,

disconnecting the microgrid from the second network line at the second PCC.

The second network line 122 may also be part of the first network grid 101, or

it may be part of a different (second) network grid 102, such as an alternating

current (AC) grid e.g. a public AC network or macrogrid, which is separate



from the first network grid 101. The microgrid 100 also comprises a control

unit 150 for controlling the opening and closing of the first and second

switches 111 and 112, as well as for performing other control of e.g. flow and

voltages of the microgrid 100 and/or the first and second PCC 141 and 142 as

desired. Figure 1 shows the situation where the second switch 112 is in its

closed position and the first switch 111 is in its open position, why only the

second PCC 142 is active, a flow of electrical power (P, Q), where P is active

power and Q is reactive power, passing over the second PCC 142. Depending

on whether the power produced by the at least one DG 130 is more or less

than any power consumed by any loads in the microgrid 100, the flow over

the second PCC 142 may be from the microgrid 100 and into the network 102

via the second network line 122, or from the network 102 via the second

network line 122 and into microgrid 100. Although the microgrid 100 is

disconnected from the first network line 121, the control unit 150 may still

obtain information relating to the first PCC 141 and may calculate

reference(s) (P ef and Q re f) for the flow over the first PCC 141 in case the first

PCC needs to be activated (closing the first switch 111) due to a failure

(islanding) at the second PCC 142. The power flow (P, Q ) before islanding

may be used by the control unit 150 t o calculate the power references

(Pref, Qref) for the new (first) PCC 141.

Figure 2 schematically illustrates another embodiment of a microgrid 100.

The figure is similar to figure 1 above and reference is made to that

discussion. Figure 2 specifically shows the situation where the first network

line 121 and the second network line 122 both are part of the same network

grid, the first network grid 101. Thus, the first network line 121 may be

comprised in the same network grid 101 as the second network line 122.

Figure 3 schematically illustrates another embodiment of a microgrid 100.

The figure is similar to figure 1 above and reference is made to that

discussion. Figure 3 specifically illustrates an embodiment where the control

unit 150 receives measurements of the voltage (Vg idi and g idi), where Vg idi is

the voltage magnitude and g idi is the voltage phase angle, at the first PCC

141. These voltage measurements may then be used for calculating the power



references (P, Q) for the first PCC 141, for use if the first PCC 141 needs to be

activated by closing the first switch 111. Thus, the control unit 150 may be

configured for receiving, e.g. periodically, information about a grid voltage of

the first network line 121, e.g. at the first PCC 141, when the first switch 111 is

in its open position.

Figure 4 schematically illustrates another embodiment of a microgrid 100,

having more than two PCC:s, here four PCC:s. In addition to the first and

second switches 111 and 112, the microgrid 100 also comprises a third switch

113 able to connect, in its closed position, the microgrid to a third network

grid 103 via a third network line 123, and a fourth switch 114 able to connect,

in its closed position, the microgrid to a fourth network grid 104 via a fourth

network line 124. As shown in figure 4, the microgrid 100 may be connected

over more than one PCC, and/or may have more than one PCC in reserve in

case of islanding. Here, the microgrid has two active PCC:s, the second PCC

142 by means of the second switch 112 being closed and the fourth PCC 144

by means of the fourth switch 114 being closed. Further, the microgrid has

two inactive PCC:s, the first PCC 141 which can be activated by closing the

first switch 111 and the third PCC 143 which can be activated by closing the

third switch 113. Thus, the microgrid 100 may further comprise a third switch

113 configured for, in a closed position, connecting the microgrid 100 to a

third network line 123 at a third PCC 143, and for, in an open position,

disconnecting the microgrid from the third network line at the third PCC;

wherein the control unit 150 is also configured for acting to close the third

switch 113, bringing it from its open position to its closed position, in

response to the detected islanding. The control unit 150 is here shown

schematically outside of the microgrid for easier display in the figure, and is

called a microgrid central control 150. Although, the control unit 150 is

herein described as being part of the microgrid 100, it may of course

physically be located elsewhere, e.g. in a control room, not necessarily close

to the DG(s) and any loads of the microgrid 100. As is schematically

illustrated in the figure, the control unit 150 may obtain measurements of

flow (P, Q) of the active PCC:s, i.e. P2 and Q2 of the second PCC 142 and P4



and Q4 of the fourth PCC 144 in order to be able to calculate the flow

references for the inactive PCC:s, i.e. Pr efi and Qr efi of the first PCC 141 and

P ef3 and Q ef3 of the third PCC 143. Additionally or alternatively, the flow

references may be based on voltage measurements of the inactive PCC:s

obtained by the control unit 150, i.e. V g idi and g idi of the first PCC 141 and

Vgrid3 and 8grid3 of the third PCC 143. In some embodiments, the microgrid

100 is not grid interfaced via a power flow controller (through power flow

control, Pr efi and Q efi). Then the power flow is determined only by the grid

voltage (Vgridi and g idi) which is used to calculate reference voltage for

microgrid controllable buses. The control unit 150 may also or alternatively

obtain information about a voltage of at least one bus in the microgrid 100

and a power of the distributed generator 130 in order to be able to better

control the microgrid. In addition to the microgrid central controller

(MGCC), the control unit may comprise interface controllers at each PCC, e.g.

for executing opening and closing of the respective switches at each PCC

and/or for performing flow and/or voltage measurements at the respective

PCC:s as desired.

Figures 5 and 6 illustrates how the power flow references for inactive PCC:s,

here the first PCC 141 and the third PCC 143, are calculated by the control

unit 150. An input stage 151 of the control unit 150 receives information

about measurements made, based on which measurements the control unit

150 calculates the flow references (P, Q) for the inactive PCC:s 111 and 113. In

addition to the flow references, the control unit outputs a command for

closing the first and/or the third switch 111/113 i islanding is detected die to

failure at the second PCC 142. If the microgrid 100 is not connected through

power flow controller (as shown in figure 6), voltage references for microgrid

controllable buses are generated instead of flow references as in figure 5. As

discussed above and as illustrated in figures 5 and 6, input measurment

information to the control unit 150 may comprise any or all of power flow

(P, Q) of active PCC(s) 142; closed switches 112 and open switches 111, 113;

node voltages in the microgrid 100; power output of the DG(s) 130, power

consumption of any loads in the microgrid; and grid voltage (V, δ) at inactive



PCC(s) i n and 113. The power references are calculated through load flow

imposing acceptable voltage variation at microgrid buses. The power/voltage

references and switch closing command are then sent to the inactive PCC(s)

which should be activated e.g. to PCC interface controller(s) of the inactive

PCC(s). This is an example of how the control unit 150 may act to activate a

PCC in case of islanding, by acting to close a corresponding switch.

Figure 7 is a schematic flow chart of an embodiment of a method of the

present invention. The method is performed by an embodiment of a control

unit 150 of a microgrid 100 as discussed herein. The control unit detects 701

that an islanding event has occurred. Typically, an active PCC 142 has failed,

islanding the microgrid 100. The control unit then acts 702 to close the first

switch 111 which was previously open, bringing it to its closed position, in

response to the detected 701 islanding. Thereby, the first PCC 141 is activated

and is used instead of the second PCC 142.

The present disclosure has mainly been described above with reference to a

few embodiments. However, as is readily appreciated by a person skilled in

the art, other embodiments than the ones disclosed above are equally

possible within the scope of the present disclosure, as defined by the

appended claims.



CLAIMS

1. A microgrid (ioo) connecting at least one distributed electricity

generator (130), the microgrid comprising:

a first switch (111) configured for, in a closed position, connecting the

microgrid (100) to a first network line (121) at a first point of common

coupling, PCC, (141) and for, in an open position, disconnecting the

microgrid from the first network line at the first PCC;

a second switch (112) configured for, in a closed position, connecting the

microgrid (100) to a second network line (122) at a second PCC (142), and

for, in an open position, disconnecting the microgrid from the second

network line at the second PCC; and

a control unit (150) configured for, when an islanding event has been

detected when the second switch (112) is in its closed position and the first

switch (111) is in its open position, acting to close the first switch, bringing it

to its closed position.

2. The microgrid of claim 1, wherein the control unit (150) is also

configured for detecting the islanding event occurring, and the acting to close

the first switch (111) is in response to the detected islanding.

3. The microgrid of any preceding claim, wherein the control unit (150) is

also configured for acting to open the second switch (112), bringing it to its

open position, in response to the detected islanding.

4. The microgrid of any preceding claim, wherein the first network line

(121) is comprised in the same network grid (101) as the second network line

(122) .

5. The microgrid of any preceding claim 1-3, wherein the first network line

(121) is comprised in a first network grid (101) and the second network line

(122) is comprised in a second network grid (102), different than the first

network grid.



6. The microgrid of any preceding claim, wherein the control unit (150) is

also configured for receiving information about a voltage of at least one bus

in the microgrid (100) and a power of the distributed generator (130).

7. The microgrid of any preceding claim, wherein the control unit (150) is

also configured for periodically receiving information about a power flow in

the microgrid (100).

8 . The microgrid of any preceding claim, wherein the control unit (150) is

also configured for periodically receiving information about a grid voltage at

the first PCC (141) when the first switch (111) is in its open position.

9. The microgrid of any preceding claim, wherein the control unit (150) is

also configured for calculating a flow reference for the first PCC (141) when

the first switch (111) is in its open position, and for using said power reference

for controlling power flow over the first PCC (141) when the first switch (111)

is in its closed position.

10. The microgrid of any preceding claim, wherein the control unit (150)

comprises a central controller as well as a first interface controller for

controlling power flow over the first PCC (141) and a second interface

controller for controlling power flow over the second PCC (142).

11. The microgrid of any preceding claim, further comprising:

a third switch (113) configured for, in a closed position, connecting the

microgrid (100) to a third network line (123) at a third PCC (143), and for, in

an open position, disconnecting the microgrid from the third network line at

the third PCC;

wherein the control unit (150) is also configured for acting to close the third

switch (113), bringing it from its open position to its closed position, in

response to the detected islanding.

12. A method performed by a control unit (150) for a microgrid (100)

connecting at least one distributed electricity generator (130) and comprising



a second switch (112) in a closed position, connecting the microgrid (100) to a

second network line (122) at a second point of common coupling, PCC, (142)

and a first switch (111) in an open position, disconnecting the microgrid from

a first network line (121) at a second PCC (142), the method comprising:

detecting (701) an islanding event occurring; and

acting (702) to close the first switch (111), bringing it to its closed position, in

response to the detected (701) islanding.
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