Forward-looking
iInformation

Operating the grid
closer to its limits by
preempting problems

TORBEN CEDERBERG, RICK NICHOLSON - Modern electricity transmission
and distribution networks are undergoing dramatic changes. They have
to cope with more distributed and renewable energy resources, more
data from smart power equipment and meters, and more pressure to run
efficiently. This all results in more work and stress for network operators.
Help is at hand in the form of SCADA energy management systems,
advanced distribution management systems, demand-response man-
agement systems and advanced business analytics. These systems,
when integrated and operated in concert, enable utilities to move from
reactive to proactive operation of the grid, enabling it to operate closer
to its limits. The well-established Ventyx solution, Network Manager
advanced distribution management system, together with the com-
pany’s demand-response management system and FocalPoint analytics,
deliver the new distribution system optimization applications required to
manage evolving grid operating conditions.
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Title picture
The integration of renewable generation sources

poses significant challenges for power networks.

ABB'’s grid optimization applications can predict
grid issues and assist with solving them before
they happen.
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ociety’s quest for sustainable
energy is driving a redesign of
transmission and distribution
networks, from both opera-
tional and asset performance perspec-
tives, so that clean, renewable energy
resources can be accommodated. Many
of these resources are distributed, eg,
rooftop-mounted solar panels or on-
shore wind generators. Battery storage
banks, large and small, also play a role.

to one that carries flow in both directions
in a complex, dynamic way.

Renewable energy production is depen-
dent on weather and is therefore consid-
ered to be intermittent. The energy a
wind generator or a solar panel can pro-
duce over a longer period, such as a
year, can be forecast with a high degree
of precision using long-term weather
studies. However, daily and hourly pro-
duction varies considerably and can be
accurately predicted only two to three
hours ahead. This results in two prob-
lems for network operators: The network
strength (power available) varies over the
day and unexpected power surges and
sags can cause rises and drops in volt-
age, leading to network instability.

The first problem has, so far, been man-
aged by controlling the network strength
by adding spinning reserves — conven-
tional and hydropower plants that can
be brought online very quickly, exploiting
the inertia in the generator rotating mass.
The growing number and spread of re-
newable energy resources on the grid
makes this solution less tenable.

Utilities have traditionally countered the
second problem, fluctuating power surg-
es and sags, by regulating the reactive
power with reactors and capacitor banks.
By switching these devices on or off, power
flux and voltage change can be mini-

mized. Most mod-

A new solution called distribu-
tion system optimization

recently introduced by ABB tion
will help foresee and forestall  rav
events that lead to alarm

conditions.

The new power landscape is a mix of
grid-scale and distributed power re-
sources, with an increasing share of
small, distributed units — a constellation
for which distribution networks were
never designed.

The typical distribution network is chang-
ing from one that connects producers
and consumers in a one-way power flow

ern SCADA energy
management sys-
tems (EMSs) and
advanced distribu-
management
systems (ADMSs)
functionality
built in for control-
ling these units, but
they are often man-
ually operated -
meaning it is the
operators in the control rooms who are
responsible for monitoring the SCADA
system and taking appropriate action.
This was suitable in the traditional net-
work when (usually seasonal) changes
occurred only a few times a year, but is
much less so now when the networks
may need to be reconfigured several
times per day, or even per hour.
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The primary task of a SCADA EMS or
ADMS is to manage the network remotely,
by gathering data from it, and provide a
snapshot at any given time. This includes

final solution. This is made possible by a
set of tools that can be combined for full
functionality from the start, with less sub-
sequent integration work and low main-
tenance. At the same time, it is also pos-
sible to start with only some of the

components and

integrate these with

Society’s quest for sustain- legacy systems or
i H fr her
able energy is driving a S
redesign of transmission and ~ more conventional
. . . approach.
distribution networks from
both operational and asset Traditionally,  the
performance perspectives. operational mode
in the control room

monitoring analog values such as voltage,
current, active power and reactive power
as well as the digital state of switching
devices. The system will issue an alarm if
it detects an abnormal state or if a preset
limit is exceeded.

A traditional SCADA EMS or ADMS
needs additional functionality to be ef-
fective in the modern power network.
Here, the key is the integration of infor-
mation technology (IT) and operational
technology (OT) systems. ABB is taking
this type of integration a step further by
designing and testing integrated func-
tionality during the development of the
individual components that make up the

can be said to be
in one of two states: normal or abnormal
running condition. Now there is a third
mode, “suboptimal,” in which the net-
work is not suffering from major distur-
bances comma but some power equip-
ment could be run more efficiently and a
number of alarms and warnings are pres-
ent. The alarms keep the operators busy,
leaving less time for switching the net-
work into a more optimized and efficient
mode or performing planned mainte-
nance activities. In some control rooms,
operators are stressed beyond accept-
able levels, increasing the likelihood of
mistakes. The utilities must, therefore,
seek better support when implementing
new SCADA EMS and DMS solutions.
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DSO effectively
combines readily
available forecast
data, such as load
and weather data,
and inputs this into
a software tool that
calculates and
builds production
and load profiles
for the near future.
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“Grid optimization” is the new terminolo-
gy that describes what needs to be done
to manage this situation. Constantly
reconfiguring the network by switching
capacitor and reactor banks on and off is
one example of how voltage levels can
be controlled and kept within the limits
set out by the regulator. This is referred
to as Volt/var optimization (VVO) in trans-
mission networks. Symmetrical loading
of transformers, temporarily overloading
lines and dynamic line rating (DLR), are
other examples of grid optimization tech-
niques that lead to better use of network
assets.

But how can operators identify the best
time to reconfigure?

Calculating the optimal state of the net-
work fast enough to allow preventive
switching has always been difficult. The
ideal situation would be to foresee and
forestall events that lead to alarm condi-
tions. If a network can adapt faster to
changing conditions caused by power
flux, it can also be operated in a more
efficient way — resulting in better utiliza-
tion and reduced losses. New applica-
tions, such as the distribution system
optimization (DSO) recently introduced
by ABB will help to do this

A demand-re-
sponse manage-
ment system is

a new tool used
by utilities to con-
trol the balance
between power
available and
power needed.

A DSO effectively combines readily avail-
able forecast data, such as load and
weather data, for input into a software
tool that calculates and builds produc-
tion and load profiles for the near future.
Adding this information to the network
software function that mimics the net-
work, often in an EMS referred to as the
state estimator (SE), results in a simulat-
ed network. The network switching states
are copied from the real-time SCADA
system. The output of these calculations is
a simulated network that mimics the real
network, but with electrical values esti-
mated a number of hours into the future
— the same timeframe as in the forecasts.
Typically, this timeframe is six to 12 hours
ahead of the current time, which is a good
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balance between acceptable accuracy
and the time needed to reconfigure the
network It also allows time for a sig-
nal to be sent to participating units in a
customer demand-response program.

For the first time ever, the network oper-
ator is able to foresee alarms and warn-
ings expected in the near future and make
informed, proactive decisions. The result
is improved network efficiency, more sta-
ble operation and fewer outages.

A demand-response management sys-
tem (DRMS) is a relatively new tool used
by utilities to control the balance be-
tween the power available and the power
needed. The basic idea is to model and
aggregate controllable loads into a vir-
tual load that has a lower peak curve.
By signaling this load, the utility can
control the load profile and better match
production at any given hour. It is im-
portant to note that, for domestic loads,
this solution differs from the older load
management systems (LMSs), which con-
trolled loads without the participation
or consent of the end users for every
switching command that was sent out.
The DRMS tool often requires custom-
ers to actively sign up to the demand-
response (DR) program.

Typically, signals are sent from a central
system to selected program participants,
who are able to set up response profiles
that, upon receipt of the signal, automati-
cally execute the selected program cur-
tailment option. Suitable loads to control
include electric water heaters and tem-
perature-controlling devices such as heat
pumps and air conditioners — a small
change in room temperature is hardly
noticeable to consumers. Less suitable
loads include lamps, electric stoves, tele-
visions and computers — for obvious rea-
sons. In return for their flexibility, custom-
ers are often rewarded in some way,
which varies by utility. Such incentives are
seen as a way to change consumption
habits in the long term, which is consid-
ered by many experts to be the most im-
portant behavioral change of all.

An aggregation of distributed generation
resources managed in a way similar to
demand-response loads is called a virtual
power plant (VPP). The capability of a
VPP would, typically, be comparable to
that of a grid-scale renewable power
plant. Studies are currently being con-
ducted by research institutes in countries
with plentiful wind and solar resources to
find economical and technical methods
for using VPP units as spinning reserves.
Large-scale battery storage, with its abil-
ity to smooth power peaks and troughs,
is one leading candidate here. The con-

The output is a
simulated network
that mimics the
real network, but
with electrical

values estimated a

number of hours
into the future —
the same time-
frame as in the
forecasts.
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The DSO solution
features a business
intelligence tool
that collects infor-
mation from the
network model and
uses a map to
guide the operator
to areas where
there are predicted
alarms and warn-
ings in the simu-
lated six hours
ahead.
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trol room engineer needs to take these
changes into account when planning
network operations.

The DSO application features a busi-
ness analytics software platform that
collects information from the simulated
network and uses a map to guide the
operator to areas where there are alarms
and warnings Business analytics
solutions have been used for some time
to support decision making, primarily in
financial matters, but are now finding
their way into control rooms to aid tech-
nical decision making. An important
function of the business analytics solu-
tion is to verify that incoming data is
both correct and complete. It can then
turn a massive amount of data into
actionable information.

A new generation of system support is
being designed to help utilities manage
their increasingly larger and more com-
plex networks. The DSO makes it easier
for the operators to follow and foresee
changing network conditions. It allows
the operators to better manage the in-
creasing quantity of data being made
available to them. In a pilot installation at
E.ON Sweden, this application will be
used in parallel with the SCADA system
in the dispatch center to guide the oper-
ators, who control a distribution network
that provides service to over one million
customers. This application will be the
first of its kind in the 50 to 130kV sub-
transmission network that connects the
transmission network with the distribu-
tion network. The new system study has
been named the E.ON smart grid control
center (SGCQ).

The pilot installation will run in its own
environment with a closed link to the
real-time SCADA system and will only
suggest actions to be executed. When
there is more field experience, a tighter
integration will be explored to allow opti-
mization to be carried out directly in the
real-time SCADA system. Finally closing
the loop will be a major step toward the
next generation of advanced distribution
system management and optimization. It
will allow the control room operators to
stay in full control and proactively man-
age their networks.
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