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The nervous system of the smart grid

DACFEY DZUNG, THOMAS VON HOFF, JAMES STOUPIS, MATHIAS
KRANICH - The evolution of smart grids, featuring more
and more sophisticated control requirements, is leading
to an increase in communication needs. Utility communi-
cations actually predate the launch of smart grids by
many decades: In fact BBC (one of ABB’s predecessor
companies) commenced offering ripple control more than
60 years ago, permitting the remote operation of boilers,
dryers, washing machines and other large loads during
peak demand periods. As grids evolved, so did control
needs and hence the demand for communication tech-

nologies. Today, power distribution networks are increas-
ingly developing toward smart grids. Features of such
grids include distributed generation, participation of the
user in the liberalized market and an increased use of
automation (including operational distribution automation,
active demand management and automatic meter read-
ing). The latter calls for a communication network to
connect the protection and control devices used in the
distribution grid. A key requirement is interoperability and
reliability, ie, all control and protection devices must be
able to communicate over a variety of channels.
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mart operation of the electric

distribution grids began more

than 60 years ago, when BBC

and other companies began
implementing ripple-control systems in
several European countries. These per-
mitted load peaks to be managed through
the selective connection or disconnec-
tion of groups of electrical loads [1]. This
ripple-control system uses the distribu-
tion line itself as a reliable communica-
tion medium. The utility sends electrical
signals at audio frequency, which are
able to pass through medium and low-
voltage transformers and are detected
by ripple-control receivers connected to
low-voltage (LV) lines on the customer
premises. These commands remotely
switch large loads or groups of loads
such as washing machines, hot water
boilers, electrical heating and street light-
ing. The availability of a reliable commu-
nication channel between the control
center and the end user’s equipment
thus permits utilities to better control
load peaks.

ABB provides electric utilities with turn-
key solutions for wide-area communi-
cation networks For SCADA (super-
visory control and data acquisition)
applications in the HV power transmis-
sion grid, wide-area communications
links are based on broadband optical-fi-
ber links, digital point-to-point microwave
radio, and point-to-point communication
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A single regional area network may support all Smart Grid functions of Distribution Automation,
Active Demand control, and Automatic Meter Reading.

using the HV power lines themselves [2].
A number of standardized protocols are
in use for such applications [3].

A changing market

As discussed elsewhere in this issue of
ABB Review ', the economic and regula-
tory framework for the power grid and its
operation have changed in the last de-
cade. Power markets have been deregu-
lated and the share of distributed power

generation has increased. In a liberalized
power market, consumers can be active
market participants: Due to the increase
in distributed power sources, power dis-
tribution no longer occurs in the tradi-
tional tree-like manner with one-way
flows from large generating plants to
consumers. Local production, storage,
and consumption units are distributed
geographically, and as a result, the direc-
tion of power flow in the distribution grid



may change rapidly, requiring a higher
degree of protection and control. At the
same time, dependency and expecta-
tions of customers on the availability of
power has risen. This is also mirrored by
recently introduced or upcoming regula-
tions that penalize utilities for outages.
The objective is to maintain and increase
power quality and reliability: A measure
for this reliability is the System Average
Interruption Frequency Index (SAIFI),
which is taken as a base for compensa-
tion payments. To fulfill the rising require-
ments, the distribution grid requires a
higher degree of smart automation — and
a smart automation system requires an
advanced communication infrastructure.

Communication requirements for the
smart grid

Much of the emphasis of smart grids is
on regional-area medium- and low-volt-
age distribution infrastructure. From the
perspective of communications, smart
grid functions can be categorized into
three classes according to their commu-
nication requirements

Distribution automation (DA)

DA concerns the operational control of
the grid, ie, monitoring currents and volt-
ages in the distribution grid and issuing
commands to remote units such as
switches and transformers. When a fault
occurs on an MV segment, protection
switches should isolate it. The paths of
power flow should then be rapidly recon-
figured using MV switches to restore the
power supply to the largest possible

The economic
and regulatory
framework for the
power grid and
its operation have
changed in the
last decade.

area. Remote reconfiguration performed
by the MV distribution system operator
(DSO) or substation computer is a main
function of DA. Typically, several tens or
hundreds of remote units must be ad-
dressable. The communication latencies
for such applications are in the hundreds
of milliseconds to several seconds. It is

important to note that distance protec-
tion functions requiring fast communica-
tions with latencies of milliseconds are
not typically supported.

Active demand control (AD)

AD functions perform active control and
scheduling of energy demand, storage,
and distributed generation, and are
based on volume and price signals. The
objective is to increase grid efficiency
and avoid overloads through a combina-
tion of optimized scheduling/forecasting
and load shedding. This functionality is
less time critical as the distribution auto-
mation and the latency requirements are
in the range of several minutes.

Advanced meter reading (AMR)

AMR records the actual realized power
flows and calculates the appropriate bill-
ing information, taking into account any
time- and contract-dependent prices. The
corresponding AMR infrastructure (AMI)
connects thousands to millions of meters
to the billing center, some in difficult-to-
reach locations. Actual cumulated energy
data or load profiles for billing need be
transmitted only daily or monthly.

Smart homes may be connected to the
smart grid [4], and further (local-area)
communication requirements may hence
exist within buildings [5]. The present
article, however, addresses only the re-
gional-area communications needs of
smart grids. 2

The above analysis shows that the tech-
nical requirements on communications
for the smart grid are moderate, in par-
ticular regarding data rate and latencies
(protection functions being excluded).
Where some communication delays are
acceptable, high communication reliabil-
ity can be assured by error detection and
automatic retransmission. The main se-
lection criteria are thus the costs of pro-
curing and installing equipment and the
operation life-cycle costs.

Communication technologies for

the smart grid

A wide range of communication technol-
ogies are currently available to support
smart grid applications. These range
from wired products to wireless devices
and include hybrid systems incorporat-
ing both wired and wireless technologies.
It is unlikely that one technology alone
will ever provide a complete solution for

— Availability of communication media, such
as existing copper- or fiber-optic
connections

— Availability of wire ducts, or sites for radio
transmission towers

— Communication performance, such as data
rate (bandwidth) and transmission latency
for a given number of communication
nodes

— Communication reliability and availability

— Security requirements, ie, confidentiality,
integrity, authentication

— Interoperability and application of
standards

— Upfront investment

— Recurring costs, eg, operational costs
such as monthly data transmission fees

— Future-proof technology with respect to
changes in technology

all smart grid communications. Interop-
erability of different technologies will thus
be a key requirement: Devices on differ-
ent networks using different communica-
tion media must be able to communicate
with each other. Interoperability also re-
fers to equipment from different manu-
facturers and subsuppliers, hence tech-
nical standards play a key role.

In order to select a communication sys-
tem for smart grid applications, many is-
sues must be considered, some of which
are listed in

The technologies that will be deployed for
smart grid applications will depend on
these criteria and the requirements of
each utility company. The main technical
criteria are communication performance,
security and interoperability. The band-
width supplied by the communication in-
frastructure must be scalable and capa-
ble of supporting the thousands to
millions of data points that exist in a utility
system. Due to regulatory and operation-
al requirements regarding cyber security
of critical infrastructures, security is also
increasingly becoming a major factor.

Interoperability and standardization are
thus central attributes of future technolo-
gy. They will reduce the utility’s engineer-
ing time, with “plug and play” type appli-
cations becoming more prevalent. Only

Footnote
1 See for example “The next level of evolution” on
pages 10-15 of this edition of ABB Review.
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systems fully satisfying these criteria will
be capable of supporting the DA, AD, and
AMR/AMI applications of a smart grid.

The major communication technologies
that are currently available in the market
to support smart grid applications are
the following

Wired utility communication networks

A utility may build ducts to its power-
distribution nodes to carry communica-
tion wires alongside the power cables.
These wires may be copper wires, carry-
ing low-rate telephone modem signals or
broadband digital subscribe line (DSL)
signals. Newer systems will be optical-
fiber based, and carry, eg, Ethernet sig-
nals to establish large broadband metro-
politan area networks (MANs) with user
data rates of many Mb/s.

Utility-operated radio systems

Such networks are erected and op-
erated by the utility. Radios typically offer
narrowband communications with user
data rates of only several kb/s, but have
a long range (up to 30km). Radio fre-
quencies are either in the free unlicensed
bands (“Ethernet radios” using spread-
spectrum transmission at 900 MHz in
North America), or in bands requiring
license fees (narrowband radio modems
at VHF 150 MHz or UHF 400 MHz in Eu-
rope [6]). For automatic meter reading,
specialized radio systems with low-pow-
er transmitters and drive-by readers have
been deployed. For high data rates, util-
ity point-to-multipoint microwave sys-
tems are available.

Public cellular data systems

Established and ubiquitous examples of
this type of network are CDMA 2, and
GSM/GPRS® New fourth-generation
systems being introduced are WiMax
and the Long-Term Evolution (LTE) of
UMTS. Such systems are optimized for
public consumer usage in terms of cov-
erage and traffic load, so it must be as-
sured that performance is sufficient in
terms of range for mission-critical grid
control. In addition, adopting these tech-
nologies means utilities must enter into
service agreements with third-party cel-
lular service providers, implying recurring
operating costs.

Satellite communications

Both low- and high-data rate systems
are available, the latter typically requiring
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more costly parabolic antennas. Satellite
communication systems are also third-
party operated. In regards to bandwidth
allocation satellite providers offer shared
as well as dedicated services. For DA as
well as AD applications dedicated ser-
vices are normally used whereas for AMR
shared services are sufficient.

Power and distribution line communication
(PLC, DLC)

An obvious communication medium for
electric utilities is the power distribution
network itself On the HV grid, HV-
PLC is a well established technology [6].
On the LV network, many attempts have
been made to provide broadband over
power line (BPL) service to consumers
as an Internet-access technology. Ag-
gregate data rates of up to tens of Mb/s
are possible under good network condi-
tions, but communication distance and
availability may be insufficient for smart
grid applications due to range and reli-
ability being more critical than high data
rates. Technologies and standards for
narrow-band DLC on the MV and LV
grids are currently being developed.

Typically, a given smart grid operated by
a utility will use combinations of these
technologies and systems.

Mapping technologies to requirements
Depending on the smart grid functions,
different technologies may be applicable.
As described, bandwidth requirements
are generally moderate, but availability
must be high. Therefore utilities tend to
prefer their own utility-operated infra-
structures to those of third-party service
providers. lists wireless systems for
both of these options. In practice, utility-
operated radio modems are often more
suitable. As the bandwidth demand is
low, radio modems are the solution with
the best cost-benefit ratio. On the other
hand, relying on public cellular networks
allows simple and cost-efficient imple-
mentation of communications.

Deployment of new communication net-
works for electric utilities is easiest either
using wireless, or using communication

Footnotes
2 In the United States
3 In most of the world (including the United States)



Distribution

communication

Where some
communication
delays are
acceptable, high
communication
reliability can

be assured by
error detection
and automatic
retransmission.

on the electrical power distribution grid
itself. The latter, distribution line carrier
(DLC) technology, has already been ad-
opted for ripple control systems; exten-
sive digital systems, mainly for automatic
meter reading, are also in operation Fact-
box More reliable and flexible DLC
systems providing the option to incre-
mentally add further services are required
for operating smart grids. The challenge
lies in meeting higher communication re-
liability and range requirements as well
as allowing easy deployment.

What does ABB offer?
Communication networks for smart grids
are complex and may involve many dif-

ferent systems and technologies. ABB
has the experience to support utilities in
their evaluation of communication tech-
nologies. With its understanding of the
utility requirements and constraints, ABB
can offer long-term solutions, which will
be able to satisfy future requirements.
Examples for new solutions are the new
ABB radio AR , integration of com-
munication modules into application de-
vices (eg, Ethernet boards in to RTU560
family), and partnership with service pro-
viders (eg, satellite solutions). Integrated
network management and routing over a
variety of communication media will be
supported.

Given its total offering of SCADA network
management systems, RTU solutions,
distribution and feeder automation prod-
ucts, and communication systems, ABB
is an ideal partner and supplier for smart
grids.
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Closing the loop

Smart distribution management systems are helping to provide
more efficient and reliable services

WILLIAM PETERSON, XIAOMING FENG, ZHENYUAN WANG,
SALMAN MOHAGHEGHI, ELIZABETH KIELCZEWSKI - Utilities are
always looking for ways of improving customer service while
optimizing overall performance and reducing operating costs.
At the distribution control center level, smart distribution
management system (DMS) applications have the potential to
help utilities achieve this by providing fast, accurate and
detailed information about a distribution system so that
strategic decisions can be made. Historically, the main DMS
application data sources were SCADA telemetry, end-cus-
tomer calls and maintenance/repair crew reports. With the
industry drive toward smart grids, these sources are being
augmented by a multitude of sensors with communication
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capabilities that are deployed for substation automation,
distribution automation, and advanced metering infrastruc-
ture. Integrating these sensor data into DMS-advanced
applications is essential to reaping the potential investment
benefits as well as justifying the cost of creating the sensing
and communication infrastructure. Through advanced
applications, the distribution system provides more efficient
and reliable services to customers and, at the same time,
helps reduce the ecological footprint of energy production.
The availability of real-time and near real-time system
information not only enhances the capabilities of existing
applications like outage analysis, but also enables advanced
smart grid applications that were not possible before.



n advanced metering infra-

structure (AMI) refers to the

information technology and

infrastructure that collects,
communicates, aggregates and dissemi-
nates the power usage, quality and sta-
tus information from so-called smart me-
ters.! A smart meter is not simply a point
of instrumentation, but also a point of in-
teraction (POI), or in other words, an in-
telligent node in the smart grid.

With the rapid deployment of AMI in
many utilities, distribution management
system (DMS) applications are undergo-
ing significant renovation so that they
can make faster and smarter decisions,
and achieve network control objectives
quicker with less cost and greater reli-
ability. DMS/AMI integration is not with-
out its challenges but smart grid applica-
tions, such as outage management
systems (OMS), distribution state esti-
mation (D-SE) and demand response
(DR) among others, set to benefit from
this integration, the utilities will have
more efficient operation and customers
will have more reliable power.

The benefits of energy-consumption
monitoring and control

Advanced DMS applications require real-
time or near real-time network informa-
tion, including network connectivity
(switching device on/off status), loading
levels (current) at service points (load

1 ABB’s AMI-enabled smart distribution management system vision

Customer Work Distribution state
Customer o
trouble call Web portal management system  estimation (D-SE)
system P (WMS) applications
Demand
cis Gls oMs response A(S:;t) '\A"gpm‘
(DR) App
Enterprise service bus (ESB)
MDMS MbDMS MDMS ABB DMS-MDMS
adapter | adapter Il adapter N integration
MDMS | MDMSII ————— MDMS N

transformers at end-customer premises)
and feeder sources (distribution substa-
tion transformers), as well as feeder volt-
age profiles (voltages along the feeder
main and laterals). Conventional super-
visory control and data acquisition
(SCADA) telemetry can provide informa-
tion about substation and feeder equip-
ment, but the cost of the infrastructure
needed to gather information at the load
transformer level and beyond is simply
too prohibitive. This can be overcome by
using an existing AMI, which not only
provides load transformer information at
a much lower cost — only the DMS/AMI
integration cost is incurred — but is also
capable of reaching individual house-
holds.

System architecture

The integration of smart meter data into a
DMS will enable a whole new breed of
smart grid applications at the control cen-
ter level. However, the standardization of
this integration is not easy because of the
many types of AMI technologies that exist
and the varying requirements for each
smart grid application. ABB is pursuing a
vision that the meter data management
system (MDMS) from any AMI vendor can
be easily integrated with ABB Network
Manager DMS products. The core of this
vision is shown in =1 where the MDMS
adapters enable the transfer of AMI data
from any vendor’s MDMS via ABB’s smart
DMS enterprise service bus (ESB).

Advanced outage management

An outage is a sustained interruption of
power and occurs when a fuse, recloser
or circuit breaker has cleared a fault and,
as a result, customers located down-
stream of the protective device lose
power. During such a power outage and
without direct communication between
the customer’s meter and the DMS, the
most sensible and perhaps only ap-
proach is for the customer to call the lo-
cal utility company to report the outage
and then wait until power is restored.
With AMI, this action is totally unneces-
sary because the outage event will be
automatically reported to the DMS within
a matter of seconds. An outage analysis
(OA) program will then continuously pro-
cess the incoming outage event mes-
sages to determine exactly where power
has been lost and infer the most likely lo-
cation of the fault(s) before informing
customers of the estimated time to res-
toration. AMI literally reduces the time
needed for fault analysis from hours to
minutes, and most importantly, it short-
ens the outage duration for customers.

When an outage occurs in the distribu-
tion network, an OMS, which typically
has two key components: outage notifi-

Footnote

1 A smart meter can be described as a digital
incarnation of the traditional electro-mechanical
electric meter.
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cation and restoration notification 2 — has
to quickly and accurately identify the lo-
cation of the outage so that crews can
be dispatched to repair the damage and
customers informed about the expected
repair time. Two mechanisms normally
used are SCADA telemetry or an outage
inference engine. Historically, SCADA te-
lemetry has been the fastest and most
accurate method of identifying or verify-
ing the location of an outage. However,
due to the high cost of the communica-
tion and telemetry infrastructure, it is
used as little as possible. Instead, an
outage inference engine is the most ap-
plicable mechanism.

An outage inference engine automatically
collects and analyzes outage calls to de-
termine their spatial and temporal pat-
tern, and uses the location of customer
transformers and protection devices, and
network connectivity to infer which pro-
tection device may have reacted. The ef-
fectiveness of this process depends on
the availability and speed at which cus-
tomers call to report an outage. For
whatever reason, many customers either
do not call or delay calling, and this in
turn limits the information available to the
engine and reduces the quality and con-
fidence of the inference results.

To compensate for this, the outage infer-
ence engine introduces tunable parame-
ters that determine the number of calls
required to infer the cause of an outage
event and the speed at which the system
rolls up the outage to the next electrically
connected protective device, ie, the sys-
tem automatically groups several calls
into an outage at a higher level of the
electrical network. One such parameter
is called the outage freeze time, which is
defined as the time an outage must stay
at a device before it is allowed to roll up.
While a small freeze time is naturally de-
sirable in order to identify multiple faults,
the variations in call behavior often mean
this parameter may be as large as 6 to
10 minutes to allow for the accumulation
of the appropriate number of calls.

This is where AMI comes to the rescue
— by treating AMI data as customer calls
or in other words by creating an auto-
mated call system, the freeze time can
be significantly reduced, thereby en-
abling the outage inference engine to
quickly resolve multiple outages in a cir-
cuit.
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2 State estimation block diagram

initial state

AX
Integrator

In addition, utilizing and incorporating the
data available from smart meters can also
help with the following OMS functions:
Verification of outages

Identification of multiple outages in
the same circuit

Identification of broken conductors
Restoration confirmation

One of the most straightforward applica-
tions of AMI would be the verification of
outages using metering data in a manner
similar to SCADA data. In this case, an
outage could be traced to a device if the
customers downstream of the device are

Functions such
as distribution
state estimation
will benefit from
the integration of
smart meter and
sensor data into
DMS.

out of service while those immediately
upstream are in service. Another applica-
tion is in cases where the outage is
caused by a broken conductor. The area
in or around the broken conductor can
be narrowed to one bounded by the cus-
tomers who are out of service and those
who are in service.

Finally, the DMS system can communi-
cate with the meter to confirm power
restoration. Typically, this is accom-
plished using automated telephone call-
backs to customers. Confirmation of ser-
vice by the metering network would
eliminate the need to call back to confirm
service.

Another function that benefits from the
integration of smart meter and sensor
data into DMS is distribution state esti-
mation (D-SE).

Distribution state estimation (D-SE)

A state is defined as a set of information
that uniquely characterizes a system’s
operating condition, and all the major
functions of system operation (ie, protec-
tion, control, and optimization) require
knowledge of the state of the system.
D-SE uses statistical analysis and opti-
mization techniques to derive the best
estimate of the state of the system from
all available measurements (observa-
tions). From this estimate, D-SE produc-
es a real-time model that best represents
the operating state of the system, which
then allows engineers to see if any cir-
cuits in the system are overloaded.

Multiple choices of an information set
are possible. For example, if only the
static behavior of an electric power sys-
tem is of interest, a set composed of
complex voltages at every node in the
system uniquely determines the operat-
ing state of the system under consider-
ation. Knowing the complex voltages at
every node as well as the component
model for transformers and distribution
lines allows the current and power flows
between any two adjacent nodes in the
system to be calculated. However, for
many engineering systems, directly
measuring the state of the system is
not possible (or practical) because only
indirect measurements® are available.
These measurements are used in state

Footnotes

2 Both these functions require distributed
measurement points at customer sites.

3 Indirect measurements are functionally
dependent on the state variables and therefore
provide indirect information about the state
of the system.



AMI data is valu-
able in helping grid
operators improve
the reliability and
efficiency of the
grid.

estimation to infer, as accurately as pos-
sible, the state of the system.

In theory, the estimation of a system state
consisting of N variables needs only N in-
dependent measurements. In practice,
however, a certain degree of redundancy
is required to counteract the inevitable
random errors in the measurements. The
measurement redundancy is the ratio of
the number of independent measure-
ments to the number of state variables.
Of course, the higher the measurement
redundancy, the better the quality of state
estimation; a redundancy value of one in-
dicates that there are just about enough
measurements to estimate the state.

Typically, state estimation is formulated
as an optimization problem in which the
decision variables are the state variables,
and the objective function to be mini-
mized is a measure of the deviation of
the measurement function from the ac-
tual measurement. This process is illus-
trated in = 2. In the diagram:

— X represents the state estimate

— h() is the measurement function

3 Estimation of the capacity margin
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— The discrepancy, Az, between the
measurement function at the estimat-
ed state, z, and the actual measure-
ment, z_is used to generate a
correction, Ax, using a gain function

G().

Traditionally, state estimation has not
been a viable technology for distribution
networks for two reasons:

— Very few real-time measurements are
available. For a distribution circuit with
several thousand nodes, only a
couple of measurements, usually near
the head of the feeder, are available.

— Complex modeling of multiphase
unbalanced distribution networks
poses a big challenge to the develop-
ment of efficient and robust estima-
tion algorithms that can use different
types of measurements.

The integration of meter data helps over-
come these drawbacks mainly because it
is capable of providing a huge amount of
near real-time measurements (including
power, voltage and current) at every ser-
vice connection point. The availability of
such information drastically improves the
quality of state estimation. With a more
accurate real-time system model, other
DMS functions, such as voltage and var
optimization, service restoration, load
balancing and system configuration opti-
mization can be performed more reliably.

Demand response (DR)

Electrical demand response (DR) refers
to the short-term changes in electrical
consumption by end customers in re-

sponse to changes in the price of elec-
tricity over time or to incentive payments
designed to induce lower electricity use
at times of high wholesale market prices
or when system reliability is jeopardized
[1]. From a utility perspective, peak shav-
ing * is the main objective of DR although
peripheral objectives, such as managing
the ancillary services and improving the
reliability of the overall system, can also
be defined. In addition to the environ-
mental impact of reducing electricity
consumption, implementing DR:

— Helps utilities save money by post-
poning the expansion of the distribu-
tion system

— Provides financial benefits to
customers

— Makes the overall electricity market
less volatile in spot prices (ie, prices
for immediate payment and delivery)

DR is often initiated at the utility where
data, based on a forecasted demand, is
used to estimate the capacity margin for
future time intervals = 3. A decrease in
this capacity margin or a negative margin
would cause the utility to trigger a DR
event. Various DR programs offered by
utilities can be customized to fit varying
needs. These programs can be broadly
classified into three categories:
— Rate-based (also referred to as
price-responsive) programs where
customers reduce their demands

Footnotes

4 Peak shaving describes the slow shedding of
loads during traditional peak energy-consump-
tion periods in case of overload.
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according to the price signals they
receive in advance. Prices can be
updated monthly, daily or in real time.
Examples of such programs are
real-time pricing (RTP), critical peak
pricing (CPP) and time-of-use (TOU).

— Reliability-based (also referred to as
incentive-based) programs in which
customers, having enrolled in any of
these programs, agree to curtail
demand when notified by the utility. In
exchange for compliance, the
customer is rewarded by receiving
incentive payments, bill credits or
preferred rates. On the other hand a
failure to comply might lead to
penalties. Example programs are
direct load control (DLQC), interruptible
load and emergency demand
response.

— Bidding programs come into play
when the utility predicts a supply
shortage. The utility issues a DR event
and opens a bidding window, allowing
customers to place bids to either
curtail their demand or sell energy
back to the utility in exchange for
payment.

DR infrastructure

DR infrastructure combines a system-
level decision-making engine located at
the utility with automated and semi-auto-
mated solutions available at customer
sites. The utility may communicate di-
rectly with residential/commercial/indus-
trial end-users or indirectly through DR
service providers (ie, aggregators), who
assume the responsibility of regulating
groups of end-customers and transmit-
ting their aggregate impact as one load
point to the utility = 4.

The DR engine communicates with the
customer information system (CIS) in or-
der to obtain the details of customer
contracts and other related data. The
terms and conditions of these contracts
detail the constraints of each customer
or group of customers regarding partici-
pation in a DR event. Constraints, such
as the minimum notification time re-
quired; the maximum allowable number
of interruptions in a day, week or season;
the maximum allowable reduction; and
the maximum allowable event duration
determine which customers can be con-
tacted during a certain DR event.

The DR engine also receives metering
data from the meter MDMS. When ap-
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plicable, it may also receive data from
the SCADA system.

DR Efficiency

The efficiency of a DR program depends
on the accuracy of the telemetry system
used to measure and validate customer
responses to a DR event. In the absence
of accurate two-way metering systems,
the utility relies heavily on a combination
of bulk measurements available from
the main substations in the network and
stochastic methods, such as load allo-
cation and statistical estimation. How-
ever, with the introduction of AMI, the
prospect of accurate two-way metering
is becoming more realistic. Precise real-
time DR events (also known as preci-
sion-dispatched demand response
PDDR) [2] allow for refined granularity
down to individual customers, faster re-

sponse times and higher visibility to the
system operator.

AMI provides real-time two-way commu-
nication beyond the smart meter and into
the intelligent devices in the house
through a home area network (HAN) = 5.
This way, HAN-based devices, such as
smart thermostats, displays, market con-
trollable loads and load-control switches,
are linked to the smart meters and there-
by to the utility and can receive data (eg,
updated prices for intelligent processors)
and commands, such as curtailment sig-
nals for intelligent actuators.

The integration of meter data with DR
enables the adoption of real-time and
near real-time programs, which in turn
leads to faster response times, more ac-
curate control, and hence improved reli-



ability benefits for customers and the
grid.

In the absence of real-time or near real-
time communication between the utility
and the customers, the responses of the
customers to a DR event cannot be veri-
fied immediately. In such cases, the op-
erator has to wait until the next data-col-
lection cycle, which can occur anytime
between a few hours and a few days, to
process the financial calculations. For
the utility, the added value of real-time or
near real-time communication is the abil-
ity to verify and validate customer re-
sponses to a DR event and the DR sig-
nals generated, and take remedial action,
such as contacting a second group of
customers or issuing an emergency DR
event, if necessary.

Smart energy management
applications

Distribution systems servicing millions of
commercial and residential buildings
equipped with smart meters mean the
volume of data to be processed will dras-
tically increase. The challenge of manag-
ing large volumes of real-time data is am-
ply illustrated by the August 2003 power
blackout in North America in which, as
Congressional hearings uncovered, no
manager had a global view of that event-
driven situation.

To effectively manage increased volumes
of data received from meters and sen-
sors, data management applications
must be able to unify data from disparate
sources, and synchronize and aggregate
it into actionable information. For these
purposes, AMI deployment may benefit
from complex event processing (CEP)
technology. CEP systems process multi-
ple events on a continuous basis in order
to identify unique events, such as an im-
pending overload or destabilization of
the grid. Data are evaluated locally and
propagation is carried out only if net-
work-wide usage is necessary.

Information visualization tools also take
advantage of AMI data. These tools le-
verage spatial information from geo-
graphic information systems (GIS) and
apply numerous modern techniques,
such as color contouring, information
dashboards and animation. These tech-
niques, together with the capabilities of
the outage inference engine, provide
control room operators with effective

tools to visually analyze the outage situa-
tion.

The graphical representation of meter
readings and the ability to ping selected
meters may be integrated with GIS-en-
abled crew management systems to
make the dispatchers work more effi-
ciently. Moreover, the operators can re-
play any changes of meter data through-
out a time interval that facilities the
detection of trends in temporal and spa-
tial dynamics. By adding weather and
temperature data to the graphical analy-
sis, causal factors become evident and
scenarios can be studied to assess any
future impact.

Aggregating tools, which roll up meter
data to the transformer level, are useful
for highlighting areas where transformers
are at risk of being overloaded and areas
with a high density of under-utilized
transformers (contour maps). These fea-
tures may also help during emergency
load shedding events to prevent an over-
load of the system. Generally, in most
emergency situations the availability of
AMI and sensor data creates opportuni-
ties for quicker damage assessment.
However, additional possibilities emerge
when these data are combined with ter-
rain mapping, video and light detection
and ranging (LIDAR) technologies. These
technologies are already used in pole/line
asset surveys and vegetation control, but
still need to be integrated into the infra-
structure and global data analysis.

Advancing the future

Until about 20 years ago, distribution
system automation was not an urgent
priority. However, continuously increas-
ing demands for electrical energy com-
bined with concerns over sustainability
and environmental issues have lead to a
global drive toward the increased instru-
mentation and control of distribution sys-
tems. Substation automation, feeder au-
tomation and AMI systems are being
deployed at an accelerating rate through-
out the world and make a wealth of data
available to control systems. Even though
integrating a vast amount of real-time
measurements is challenging, it provides
opportunities to implement new applica-
tions that help reduce service interrup-
tion duration (outage management), opti-
mize energy efficiency (voltage and var
optimization), increase situational aware-
ness (state estimation) and engage con-

Integrating a vast
amount of real-time
measurements is
challenging but it
provides opportu-
nities to implement
new applications
that improve grid
efficiency and
reliability.

sumer participation (demand response).
ABB'’s research and development labora-
tories are taking advantage of these new
opportunities to create applications en-
abling better grid efficiency and reliability,
and better utility asset usage.

William Peterson

Xiaoming Feng

Zhenyuan Wang

Salman Mohagheghi
Elizabeth Kielczewski

ABB Corporate Research
Raleigh, NC, United States
william.peterson@us.abb.com
xiaoming.feng@us.abb.com
zhenyuan.wang@us.abb.com
salman.mohagheghi@us.abb.com

elizabeth.kielczewski@us.abb.com

References

[1] Federal Energy Regulatory Commission (August
2006). Assessment of demand response and
advanced metering. Staff report.

[2] Johnson, H., W. (March 2009). Communication
standards for small demand resources. Proc.
IEEE PSCE, Seattle, WA, United States.

Closing the loop 43



AN

PN

S

RS

HIN]
N ‘M(f
s

%

-

Smart teamwork

Collaborations with recognized research institutes are helping
ABB meet the challenges of the future electric grid

CHERRY YUEN, ALEXANDER OUDALOV, ANDREW D. PAICE,
KLAUS VON SENGBUSCH - The battle against climate change
combined with the search for energy and process efficien-
cy has been slowly but surely pushing the topic of smart
grids up the agendas of many companies. In fact, since
European and US governments identified them as key to
meeting their environmental goals and achieving energy
security, it has found its way into the popular media. While
it may seem like a new concept to many, ABB has actually
been active in this area for several years, developing the
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technologies and standards that will be needed in the
future. In fact many are already being used to enable
modern grid operation and provide greater efficiency,
reliability and intelligence. Research efforts on smart power
transmission and distribution have focused on implement-
ing smart functionalities into both ABB products and
customer installations. Some of the current efforts, carried
out in collaboration with external partners and partly
funded by public bodies such as the European Commis-
sion, are described in this article.



he traditional power grid is

based on large centralized pow-

er stations that supply end-us-

ers via transmission and distri-
bution systems where power flows from
the top down. However, today’s conflict-
ing demands for more reliable, higher-
volume power supplies from cleaner and
more renewable energy sources mean
this very same infrastructure must oper-
ate in ways for which it was not originally
intended. The solution lies in gradually
transforming the old system into a more
intelligent, more effective and environ-
mentally sensitive network that can re-
ceive power of all qualities from all sourc-
es —both centralized and distributed —and
deliver reliable supplies, on demand, to
consumers of all kinds. In other words,
what is needed is a smart grid.

The term smart grid can mean many dif-
ferent things to different people. However,
in ABB’s view a smart grid is an infrastruc-
ture that puts the emphasis firmly on
active rather than passive control. ABB’s
vision for the smart grid is of a self moni-
toring system based on industry-wide
standards that crosses international bor-
ders and participates in wholesale energy
trading, and provides a stable, secure,
efficient and environmentally sustainable
network.

There has been a great deal of discus-
sion in the media about smart grids. In

October 2009, President Barack Obama
promised $3.4 billion to fund “a broad
range of technologies that will spur the
nation’s transition to a smarter, stronger,
more efficient and reliable electric sys-
tem” [1]. In Europe the European Com-
mission has been financing projects to
develop the technologies that “play a key
role in transforming the conventional
electricity transmission and distribution
grid into a unified and interactive energy
service network using common Europe-
an planning and operation methods and
systems” [2].

While true smart grids are still a vision of
the future, the technologies and stan-
dards that will be needed have been un-
der development at ABB for some years
and many are already in use. In particu-
lar, projects have been ongoing to de-
velop an alternative approach to the
transport of energy based on centralized
power generation. In other words, in-
stead of relying solely on large power
plants, small generators could be used
to serve villages or towns or even facto-
ries. Known as active distribution grids,
they would ensure uninterrupted power
to the critical communications infrastruc-
ture and control systems that drive to-
day‘s economy. In addition, because the
energy is created close to where it would
be used the energy lost in electric trans-
mission and distribution would be re-
duced significantly. ABB has been work-
ing in this area in close collaboration with
external partners and their efforts have
led to the execution of several demon-
stration projects, four of which (More Mi-
crogrids, AuRA NMS, ADDRESS and
MEREGIO) are briefly discussed in this
article » 1.

Microgrids

Microgrids comprise medium- and/or
low-voltage distribution systems with
distributed energy sources, storage de-
vices and controllable loads. They can
operate when connected to the main
power network or when isolated — or is-
landed — in a controlled and coordinated
way. The microgrid concept is a logical
evolution of simple distribution networks
and can accommodate a high density of
various distributed generation sources
such as microturbines, fuel cells, solar
photovoltaic systems, and small diesel,
wind, hydro and energy storage devices
such as batteries. Microgrids can offer
supply reliability, power quality improve-

ment, and a greener and (possibly)
cheaper energy supply to energy con-
sumers. Network operators and utilities
benefit because microgrids are better
able to integrate distributed generation
as well as reduce losses.

Nevertheless, the technical challenges
associated with the integration and oper-
ation of microgrids are immense. One
such challenge is to ensure stable opera-
tion during faults and various network dis-
turbances. Switching from an intercon-
nected to an islanding mode of operation
is likely to cause large mismatches be-
tween the generation sources and loads,
which in turn could lead to severe fre-
quency and voltage control problems.
Maintaining stability and power quality in
islanding mode requires the development
of sophisticated control strategies that in-
clude all aspects of both the generation
and demand sides as well as energy stor-
age.

Protection is another key challenge.
When a fault occurs on the grid, the mi-
crogrid should be isolated from the main

In ABB’s view a
smart grid is an
infrastructure that
puts the emphasis
firmly on active
rather than passive
control.

utility as quickly as possible to protect
the microgrid loads. If the fault lies within
the microgrid, protection functions
should be able to detect the normally low
short-circuit currents provided by the
power-electronic based micro genera-
tors in order to isolate only the most nec-
essary part of the microgrid. The unique
nature of microgrid design and operation
requires an investigation of the various
aspects of low-voltage network protec-
tion, such as new concepts of relaying.

More Microgrids

To meet these challenges, a European
Commission project known as Advanced
Architectures and Control Concepts for
More Microgrids — More Microgrids aims
at providing solutions to support the

Smart teamwork 45



1 Projects financed by the European Commission focus on
integrating distributed generation and improving energy efficiency.

2 A low-voltage Gaidouromantra microgrid deployed in
Kythnos Island, Greece.
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widespread deployment of microgrids.

In particular, the project investigates:

— Centralized and decentralized control
strategies to determine which provides
more efficient voltage and frequency
control and less mismatch between
various micro sources and loads in
cases when islanding is required.

— Novel protection paradigms suitable
for microgrid operation.

— The technical and commercial
aspects of integrating multiple
low-voltage microgrids with a large
number of active participants, such as
small scale generators, energy
storage devices and flexible loads, via
a medium-voltage distribution grid.

— The operational and environmental
benefits and the impact of microgrids
on the future replacement and
investment strategies of transmission
and distribution infrastructures at
regional, national and European
levels.

Currently eight pilot microgrids are avail-
able to enable the experimental validation
of various microgrid architectures, control
strategies and protection algorithms - 2.

The More Microgrids project started at
the beginning of 2006 and will end in
January 2010. The consortium involved
in the project comprises 22 manufactur-
ers including ABB, Siemens, ZIV and SMA
Solar Technology; power distribution util-
ities such as Liander, MVV and EdP; and
research teams from 12 European coun-
tries. ' It is co-funded by European Com-
mission’s sixth framework program (FP6)
for research and technological develop-
ment with a budget of 4.7 million euros
($6.4 million). ABB is a member of the
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steering committee and sits on the man-
ufacturer’s board. It is coordinating the
work package that develops microgrid
protection schemes and functions as well
as novel concepts, such as DC micro-
grids. In addition, ABB is heavily involved
in analyzing the idea of using microgrids
as a provider of ancillary services.

Finding ways of better managing real-
time operations of electricity distribution
systems is key to improving the quality of
the supply offered to customers. How-
ever, the almost certain need to connect
small-scale renewable energy sources to
a vast and complicated infrastructure
that is considered passive and too ex-
pensive to replace prematurely is a tech-
nical barrier that must be overcome. In
the grid of the future, overall central con-
trol will not be realistic and therefore suit-
able ways of delegating control need to
be found.

This search is currently underway and is
being carried out by a team consisting of
three power industry giants (ABB, EDF
Energy and Scottish Power) and eight
universities, including Imperial College
London who is acting as the principal in-
vestigator. The project, known as Auton-
omous Regional Active Network Man-
agement  System  (AuRA-NMS), is
sponsored by the Engineering and Phys-
ical Science Research Council (EPSRC)
in the United Kingdom and has a total
budget of 5.46 million pounds? ($9.13
million).

AuRA-NMS

Existing network control centers are typi-
cally semi-automated and semi-manual
in which network operations and analy-

While true smart
grids are still

a vision of the
future, the tech-
nologies and
standards that
will be needed
have been under
development at
ABB for some
years.

ses, such as load flow studies, reconfig-
uration, short-circuit analysis and outage
management are performed by the net-
work operator. The AuRA-NMS project
explores ways of gradually devolving
control authority from these centers and
replacing them with peer-to-peer net-
works with distributed intelligence (ie,
automatic controllers/decision makers)
at each substation. The controllers could
open and close remotely controlled
switches to reallocate loads to different
parts of the network and take different
voltage correction actions. In addition,
they could control the charging status of
energy storage systems as well as the

Footnotes

1 Research teams include those from the
Universities of Athens, Porto, Manchester, ISET,
Labein and CESI.

2 This figure includes the allocated contribution of
the collaborating industrial partners.



outputs of distributed generation. An ef-
fective communication system would be
required to obtain feedback information
and to allow controllers with only a par-
tial view of the system to cooperate in
determining an optimal set of actions in
the event of a fault, a voltage excursion
or a generator whose output is being lim-
ited by network constraints. The control-
lers located in primary substations would
coordinate with each other to facilitate
secure network operation during normal
and abnormal operating conditions. The
control functions in these substation
controllers need to be able to handle the
challenges faced by the two distribution
network operators arising from changing
regulations and the increase in the num-
ber of distributed generation sources in
their networks.

ABB’s role as project manager in the Au-
RA-NMS project is to provide expertise
on substation automation and distribu-
tion state estimation. In addition, the
substation controllers, COM615, as well
as the SVC Light® with Energy Storage
system are supplied by ABB.

The project started at the end of 2006
and will finish in early 2010. Pilot installa-
tions are currently installed in some of
the EDF Energy substations in England.

In the not too distant future, it is envis-
aged that renewable energy resources,
such as wind and solar power, will be
exploited to satisfy a large part of our
energy needs. However, unpredictable
weather conditions can potentially
wreak havoc with the power supply. This
need not be a problem if an appropriate
response to a sudden change in the
power supply is built into the distribu-
tion system. While storage elements in
the grid will help compensate for any
variance, household energy consump-
tion could be optimized by an “energy
box,” which would react by briefly shed-
ding unimportant appliances or equip-
ment to ensure uninterrupted power to
critical ones during power shortages. If
done properly, this approach, called ac-
tive demand, can increase the flexibility
of the energy system, which in turn will
enable a greater utilization of renewable
energy sources. Providing the ideas
necessary to enable active demand is
the aim of another European Commis-
sion project called “Active distribution
networks with full integration of demand

and distributed energy resources,” oth-
erwise known as ADDRESS.

ADDRESS

The primary goal of ADDRESS is to en-
able active demand. Active demand re-
fers to the possibility of domestic and
small commercial customers to influence
grid operation by modulating their power
demand. The key concept investigated is
that of the Aggregator, a business which
would represent a large group of small
consumers in the electricity market. An
Aggregator would sell modifications of
their consumption profiles as a service to
other power system participants, such as
retailers, provide distributed system op-
erators (DSO) and balance responsible
parties (BRP). In order to achieve this, the
project will develop a technical and com-
mercial architecture to implement the
concept, as well as investigate measures
to motivate con-

sponsible for the development of the
communications architecture. In addition,
the company contributes significantly to
the development of new algorithms for
network operation.

The mitigation of climate change is a
long-term issue that calls for significant
changes in the way industry and society
at large produce and use energy and
electricity. For its part, ABB has been
committed to helping its customers use
energy more efficiently and reduce their
environmental impact through a broad
array of products, systems and services
[3]. It continues this commitment through
its involvement in yet another European
consortium project, whose objective is to
create an optimized and sustainable
power network that reduces CO, emis-
sions to as close to zero as is technically
feasible to produce a so-called minimum

sumers to partici-
pate in the power
system. The tech-
nical  architecture
consists of a net-
work control and
communication ar-
chitecture and an
interface (ie, the energy box) to the con-
sumer. Algorithms are being developed
for the optimization of medium- and low-
voltage network operation and of energy
use on the consumer premises, and to al-
low consumers to select services that en-
able them to reduce consumption in the
short term or shift it to hours during which
prices are lower. The commercial archi-
tecture includes a description of the ser-
vices an aggregator may offer on the
electricity market.

ADDRESS started in June 2008 and will
continue for four years. The proposed ar-
chitecture will be demonstrated at three
test sites in France, Spain and ltaly. Five
energy companies, EDF, Iberdrola (Spain),
ENEL (ltaly), ABB and KEMA (Germany),
together with the Universities of Man-
chester and Cassino constitute the main
partners in the project and are supported
by a further 18 partners from around Eu-
rope. The project is co-funded to the tune
of 9 million euros ($13.5 million) by the
European Commission’s seventh frame-
work program (FP7/2007-2013) for re-
search and development. ABB is a mem-
ber of both the management and technical
boards and leads the work package re-

By actively pursuing collabo-
rations with external partners,
ABB will be able to provide
customized smart solutions.

emissions region or MEREGIO as the
project is commonly known.

MEREGIO

MERIGIO is a collaborative project be-
tween ABB, IBM, SAP, EnBW (one of
Germany’s largest utilities), Systemplan
Engineering and the University of
Karlsruhe. It was one of the six winning
proposals submitted to the “E-Energy:
ICT-based Energy System of the Future”
competition sponsored by the German
Federal Ministry of Economics and Tech-
nology.

Taking the Karlsruhe/Stuggart® area of
Germany as the “model” region, the proj-
ect makes use of information and com-
munication technology (ICT) in its bid to
eliminate the CO, emissions caused by
heating and electric power consumption.
A thousand smart meters with bidirec-
tional broadband communication inter-
faces will be installed as part of the pilot

Footnote

3 The Karlsruhe-Stuttgart region of southern
Germany is one of the most densely populated
areas of the country and widely considered
Europe’s biggest manufacturing and
high-tech hub.
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project: 800 will be shared among house-
hold and industrial consumers, 150 for
generation units and 50 for energy stor-
age systems. A certificate showing re-
gional energy efficiency will be used to
inform industrial and household consum-
ers of the size of their CO, footprint.

Technically, the efficient use of an electric
grid is achieved by optimally integrating
the many sources of distributed genera-
tion and the active management of elec-
trical demand. To achieve the latter, the
grid operator needs to be provided with
real-time information about the entire
power network in terms of supply and
consumer demand. The communication
infrastructure employed in the pilot will
give the operator the information needed
to control the network by predicting pow-
er flow and responding rapidly to chang-
ing situations. In addition, the operator
can transmit time-variant tariffs — or price
signals — to consumers, allowing them to
respond by adapting consumption ac-
cording to energy price and availability. 4

ABB’s role in the project is to provide the
expertise in network control and distribu-
tion automation. In particular, this includes
the detection of bottle necks and the op-
timization of network operation by, for ex-
ample, minimizing switching operations
during maintenance, and the provision of
forecasting nodal generation and de-
mand. All these can be achieved by ap-
plying the various sophisticated algo-
rithms. The accuracy of a forecast will
depend on the quality of the input data
the algorithm receives. In other words
some algorithms receive (real-time) data
such as voltage and current values from
network devices as well as information
from the smart meters. Moreover, ABB’s
network management system will also in-
terface with market and trading systems?®
to ensure that market-based measures,
such as market splitting, can be applied
both to avoid bottlenecks and analyze
data on future energy trades in order to
predict load flow in the distribution net-
work.

The four-year MEREGIO project started
at end of 2008 and the one-year field
test of the complete system with cus-
tomers is planned to start in 2011.

Four projects, one vision

For ABB, these projects not only provide
up-to-date and firsthand information on
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3 The grid of the future? Collaborations are working to transform the old “traditional” system
into an intelligent, more effective and environmentally sensitive network.

High-voltage TSO
transmission level,

110-380 kV,
meshed grid

Medium-voltage
distribution level,
6-35 KV, radial grid

Low-voltage DNO
distribution level,

380 V, radial grid

More-
Microgrid

Low-voltage Consumer
distribution level,

380 V, radial grid

the technical and regulatory needs of
utilities and network operators, but they
also enable fruitful collaborations with
other well-known institutes working on
state-of-the-art smart grid technolo-
gies = 3. The results from each of these
projects complement each other and can
be applied to a wide variety of ABB prod-
ucts and solutions to satisfy different
customer needs.

Although the grid of the future is being
called the smart grid all over the world,
it is clear that there will be significant
differences in the challenges faced in in-
troducing these technologies in different
places. This means the smart grid will
probably be different in each location.
By actively pursuing collaborations and
cooperation with utilities, universities
and other participants in the energy
sector, ABB will be in a position to pro-
vide solutions that are appropriate to
each individual customer situation. A
truly smart strategy.

Cherry Yuen
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Andrew D. Paice

ABB Corporate Research
Baden-Dattwil, Switzerland
cherry.yuen@ch.abb.com
alexandre.oudalov@ch.abb.com
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Footnotes

4 This is in effect a verification of a concept that
comes into effect in Germany after 2010
whereby utilities should offer tariffs to
consumers according to current network
operation conditions.

5 These systems are also an integral part of the
MEREGIO project.
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Securing power

Mitigation of voltage collapses in large urban grids

by means of SVC

ROLF GRUNBAUM, PETER LUNDBERG, BJORN THORVALDSSON
- Recent blackouts in Europe as well as the United States
have focused attention on the importance of a secure and
reliable supply of power to homes, public institutions and
industry. It is now recognized that a significant number of
grids are plagued by underinvestment, exacerbated by the
uncertainty of roles and rules within the electricity supply
industry brought about by deregulation. For instance, the
unbundling of power generation and transmission in recent

years has meant that grid companies can no longer rely on
generators for reactive power, ie, transmission suppliers may
have to provide their own var (volt-ampere reactive). The fast
and adequate supply of reactive power is required to main-
tain stable voltages, especially when high percentages of
induction motor loads, such as those created by air condi-
tioners in urban areas, are dominant in the grid and during
system faults. SVCs (static var compensators) are a solution
well adapted to meet the challenges in question.
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vital characteristic of the SVC

is its ability to provide reactive

power in grids for a variety of

situations, thereby helping to
maintain, or, in the most difficult cases,
restore stable operating conditions to
grids. The article focuses on a current
case where SVCs are used successfully
for dynamic voltage stabilization in power
grids dominated by heavy loads with a
large percentage of induction motors for
air conditioning.

SVCs are part of the FACTS (flexible AC
transmission systems) family of devices
that are applied to power systems for a
variety of tasks, with the aim of improv-
ing grid performance.

A shortage of reactive power is often the
cause of a voltage collapse in the power
grid. Typically reactive power is needed to
maintain proper voltage levels in a power
system. However, reactive power cannot
— nor should it — travel over long distanc-
es, because it is associated with power
losses as well as voltage gradients. Reac-
tive power should therefore be provided
where it is needed (ie, at load centers).

Reactive power is consumed by loaded
lines. When a fault occurs in a power
system, such as a short circuit, the af-
fected line is disconnected and the re-
maining lines pick up the flow. Reactive
power is then consumed to an increasing
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degree. If the reactive power supply is
limited, the increased loading on the line
will cause a voltage drop over the sys-
tem. If reactive power is not provided at
this time, the voltage can fall precipitous-
ly. The transmission system can no lon-
ger transfer electrical energy and a sys-
tem blackout will follow.

It is apparent that provision of the right
kind of reactive power (with proper dy-
namic characteristics) at the right mo-
ment and at the right locations provides
potent methods to prevent, or at least
limit, blackouts. This is where ABB’s SVC
can play a critical role.

Fast var, slow var

Reactive power can be supplied, not only
by SVC, but also by MSCs (mechanically
switched capacitors). There are, howev-
er, some vital distinctions to be made.
While the SVC provides fast vars, an
MSC is a provider of slow vars. This
means that the MSC is very useful in sit-
uations where there are no particular re-
quirements on dynamic response or fre-
quent operation, such as steady-state
voltage support to follow 24-hour load
patterns. For more demanding applica-
tions, MSCs fall short, and SVCs (or in-
deed STATCOMs " will be needed.

Dynamic voltage stability

The introduction of an SVC at a critical
load point will serve as a powerful tool
for dynamic voltage support that will en-
hance the stability margin. The ability of
an SVC to maintain a constant voltage at
the load point of a certain grid configura-
tion is dependent on the SVC rating and
the size of the load. This relationship is
shown in > 1.

Controlling the undervoltages produced
by faults and overvoltages produced
during light or no-load conditions are
key features of SVC operation. A gener-
ic case is shown in = 2. The load center
is fed through a transmission line and
the load consists, to a large extent, of
induction motors (IM), which are sensi-
tive to undervoltage situations. In this
case both active and reactive power to
the load must be supported through the
transmission line. Quite apart from the
ohmic losses this will generate in the
system, it will also show up as a variety
of challenges during faults in the sys-
tem. In the following section, these chal-
lenges are described.

1 Voltage variation at a load busbar as a
function of loading with and without SVC

Voltage

T T
Power

- With SVC of infinite rating

- Uncompensated

With SVC of limited rating

2 Single-line diagram of generic system
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1 A STATCOM (static synchronous compensator)
is a power electronics voltage-source converter
used on alternating current electricity
transmission networks that acts as either a
source or sink of reactive power.



Undervoltage control

Undervoltage situations can occur at
generator outages or faults in adjacent
feeders. These faults are typically tem-
porary, clearing after 100 to 150 ms.
During the fault, the voltage will drop by
a varying degree. Two main cases of un-
dervoltage can develop: one case during
the fault, and the other directly after the
fault has cleared.

If the SVC is very close to a three-phase
fault, it cannot do much to help alleviate
the voltage drop during the fault. For
more remote faults or for single line-to-
ground (SLG) faults, however, it might
also be possible, to some extent, to sup-
port the voltage situation in the vicinity of
the SVC since the SVC will continue to
generate reactive power in the grid dur-
ing the fault. Undervoltage situations are
especially difficult when the load consists
of a large percentage of asynchronous
machines, such as motors for pumps or
air conditioners. The steady-state rela-
tionship between the load torque and the
produced electrical torque as a function
of speed is shown in = 3.

During the fault the asynchronous ma-
chines will slow, which will affect the sys-
tem when the fault is cleared. In the most
severe cases voltage recovery may be
prevented in the grid after this kind of
fault. Assume, for example, that an SLG
fault occurs close to the load center as
indicated in = 4. With the help of an SVC
that dynamically supports the situation
during the fault by means of reactive pow-
er generation, the case can be solved.
The SVC will give strong support to the
grid, especially after the fault has cleared.

Overvoltage control

The overvoltage control works in a simi-
lar fashion to the undervoltage control,
but is vital in load-rejection cases, where
sudden loss of loads generates overvolt-
ages due to reactive surplus from the
generators, lines and cables in the sys-
tem. The control speed of the SVC en-
ables full support within one fundamental
cycle and the SVC will consume reactive
power to limit the voltage in the system.
As soon as the load is back in the system
the SVC will return to its original set point
and support the system once again.

Static var compensator
An SVC is based on thyristor-controlled
reactors (TCR), thyristor-switched ca-

pacitors (TSC), and/or fixed capacitors
(FC) tuned to filters. A common design
type is shown in = 5.

A TCR consists of a fixed reactor in se-
ries with a bi-directional thyristor valve.
TCR reactors are generally of air core
type, glass fiber insulated and epoxy res-
in impregnated.

A TSC consists of a capacitor bank in
series with a bidirectional thyristor valve
and a damping reactor. The reactor also
serves to detune the circuit to avoid par-
allel resonance with the network. The
thyristor switch acts to connect or dis-
connect the capacitor bank for an inte-
gral number of half cycles of the applied
voltage. The TSC is not phase controlled,
which means it does not generate any
harmonic distortion.

A complete SVC based on TCR and TSC
may be designed in a variety of ways to
satisfy a number of criteria in its opera-
tion on the grid. In addition, slow vars
can be supplied in the scheme by means
of MSC if required.

SVC characteristics

An SVC has a steady-state and dynamic
voltage-current  (V-l) characteristic as
shown in = 6. The SVC current/suscep-
tance is varied to regulate the voltage ac-
cording to a slope characteristic. The
slope setting along with other voltage
control equipment is important in the grid.
It is also important when determining the
voltage at which the SVC will reach the
limit of its control range. A large slope set-
ting will extend the active control range to
a lower voltage, but at the expense of
voltage regulation accuracy.

The voltage at which the SVC neither
generates nor absorbs reactive power is
the reference voltage Vref. This reference
voltage can be adjusted within a certain
range.

Preventing voltage collapse

The Saudi Electricity Company of the
Western region of Saudi Arabia operates
a power transmission system comprising
380kV overhead (OH) lines and under-
ground cables. There are numerous
380kV / 110kV bulk supply stations,
feeding local 110kV / 13.8kV substa-
tions through mostly underground cable
circuits. A simplified form of the grid is
shown in = 7.

5 SVC of TCR/TSC/Filter configuration

£BE w!}zf

TSC TSC Filters

6 V-l characteristics of SVC

Voltage (V)

Lmax.

AV V.

Total SVC current

A shortage of
reactive power

is often the cause
of a voltage
collapse in the
power grid.
ABB’s SVC can
play a critical role
in the provision
of reactive power
to prevent or
limit blackouts.
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7 Simplified grid of SEC Western region

JUmm Lajj

Red Sea

SUDAN

Yanbu'a

Al Madinah (Medina)
SVC

SAUDI ARABIA

G = Al Khurmah

adiddah (Jeddah)
@ Makkah (Mecca)

wAl Lith

Operating conditions in the Saudi power
grid are special due to the hot climate,
with up to 80 percent of the total load
consisting of air conditioners. From a grid
point of view, air conditioning is a particu-
larly demanding kind of load, with slow
voltage recovery, motor stalling or even
voltage collapse in conjunction with short
circuits in the transmission or subtrans-
mission network. In the Western region,
especially near the Red Sea, and with the
major city of Jiddah and the cities of Mak-
kah and Al Madinah as dominant load
centers, grid stability is strained, particu-
larly in summer and during the Hajj pilgrim-
age. Simulations have shown that the
power system may not survive even SLG
faults close to the load center during peak
load conditions. To stabilize the situation,
three large SVCs have been installed, with
the explicit purpose of keeping the grid
voltage stable as air conditioners all
around the region are running at full
speed = 7 [1].

The power system has a few specific

characteristics:

— A large difference between minimum
and maximum (annual and daily) load

— Extremely high concentration of
air-conditioning load

— High impedance 380kV / 110kV and
110kV / 13.8kV power transformers,
to limit short circuit currents

— Somewhat remote generation

These characteristics affect the operation

of the system. System performance

and operational problems experienced

were:

— Voltage control between peak load
and off-peak load conditions

— Unacceptable voltage recovery after
faults at medium-load conditions
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— Voltage collapse situations at peak
load conditions

A comprehensive reactive power plan-
ning study encompassing 380kV, 110kV
and 13.8KkV levels was performed. The
most important conclusions affecting the
system planning and operation were:

— Faster fault clearing, where possible,
reduces the dynamic reactive power
requirement.

— AC motor stalling for SLG faults can
be avoided by installing dynamic
reactive power support.

— Dynamic reactive power support is
needed only for a short period: during
the fault and for about 1 s following
fault clearing.

— Reactive power support is needed to
counteract voltage fluctuations due to
daily load variations.

The total dynamic reactive power de-
mand was calculated at 3,000 MVAr
(Megavolt-ampere reactive). Installing
five SVCs with a rating —60MVAr /
+B600MVAr each (ie, 60 MVAr inductive
to 600 MVAr capacitive) at five different
110kV buses would solve the AC motor-
load stalling problem and satisfy the daily
load voltage control.

The first three SVCs at the Al Madinah
South, Faisaliyah and Jamia substations
were taken into service in 2008 and
2009. The remaining two SVCs are still to
be purchased. Site views of the Faisali-
yah > 8 and Jamia SVCs are shown
in-=>09.

Problem definition

At an SLG fault in the vicinity of the city
of Jiddah, on the 380kV system or di-
rectly in the 110kV system, the positive

phase sequence voltage initially drops to
0.7 to 0.8 per unit (p.u.). Air-conditioner
induction-motor flux decays and the mo-
tors lose electrical torque. Almost instan-
taneously the motors lose speed as the
transient electrical torque becomes neg-
ative. During the rest of the fault time the
electrical torque oscillates due to the im-
balance, but with an average value be-
low the load torque due to the reduced
voltage. The loss of speed continues but
with a smaller rate of change. At fault

SVCs provide a
fast and adequate
supply of reactive
power to maintain
stable voltages,
especially when
large induction
motor loads, such
as those created
by air conditioners,
are dominant in
the grid.

clearing the motors need to both remag-
netize and reaccelerate. The resulting
large active and reactive components in
the load current give a big voltage drop
in the source impedances. A large part of
the impedance is in the 110kV / 13.8kV
power transformers. In case of peak load
conditions, the motors will have lost too
much speed to be able to reaccelerate



8 Faisaliyah SVC

9 Jamia SVC

10 Motor speed, torque and 110 kV / 13.8 kV without SVC:

unsuccessful voltage recovery

voltage recovery

11 Motor speed, torque and 110 kV / 13.8 kV with SVCs: successful
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following fault clearing, and voltage re-
covery is unsuccessful = 10.

Countering motor stalling with SVCs
The way to prevent the motors from stall-
ing is obviously to reduce the voltage
drop during the fault and to restore the
voltage as quickly as possible after fault
clearing. Such a task requires a lot of re-
active power support during a short pe-
riod of time. Voltage support applied
close to the motors gives the best re-
sults. The most efficient locations are in
each 110kV / 13.8kV distribution sub-
station on the 13.8kV level. This would
require installing a very large number of
rather small SVCs. The practical solution
is to install a limited number of large
SVCs on the 110KkV level.

The initial drop in speed for the induction
motors cannot be avoided by SVCs. It will
take 1.5 cycles before the SVCs are fully
compensating the voltage drop. With suf-
ficiently large SVCs the voltage can be
supported to such an extent that the mo-
tors do not continue to lose speed follow-
ing the initial drop = 11. A new “stable”
operating point is reached. During the fault,
it is very difficult to increase the voltage to
the point at which the motors accelerate. It
is important to stop or slow down the
speed drop as quickly as possible. The
sooner it stops the easier it becomes to
reaccelerate the system following fault
clearing. A shorter response time for the
SVC means that fewer Mvars are needed.
It has been shown in studies that the mo-
tors are almost impossible to reaccelerate

after fault clearing in cases where the SVCs
were not operating during the fault.

Directly at fault clearing, the voltage
jumps upwards in a step. The reactive
current to the motors increases instanta-
neously. In addition, a large active cur-
rent is needed for reacceleration. In cas-
es where the voltage at the motors
remains severely depressed, the active
current needed cannot flow and the volt-
age recovery in the system will be slow.
In the worst case the motors will get
stuck. By supporting the voltage, a more
rapid recovery is made.

SVC performance

The three SVCs each have a rating of
60 MVAr inductive to 600 MVAr capaci-
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12 SVC single-line diagram
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tive power. They are connected to gas-
insulated switchgear (GIS) substations
on 110kV. The nominal voltage on the
SVC medium-voltage bus is 22.5kV.
There are two TSCs rated at 215 MVAr
each, and one TCR rated at
230 MVAr = 12. The harmonic filters rat-
ed at a total of 170 MVAr are divided into
two separate branches. The branches
are connected to the MV bus by circuit
breakers. Each filter branch consists of
two double-tuned filters covering the
3rd, 5th, 7th and 11th harmonics.

Speed of response

When it comes to the speed of response
for an SVC it is important to differentiate
between “large signal” and “small signal”
behavior. The large signal response is
when the SVC responds to network faults
causing a large system voltage change.
This is typically a line-to-ground fault in
the vicinity of an SVC, or a more distant
three-phase fault. The small signal re-
sponse is for minor changes in the system
voltage such as the effect from tap chang-
er action or connection/disconnection of
a line reactor or a capacitor bank. For the
utility-type of SVC, it is mainly the large
signal speed that is of interest.

A utility SVC primarily controls the posi-
tive phase sequence voltage and in some
special cases the negative phase se-
quence voltage. For control, the instan-
taneous voltage measurements have to
be separated into sequence values and
the harmonic components in the voltage
must be removed. Both these actions re-
quire time. As a first approximation, the
voltage processing can be seen as a
first-order low-pass filter with a time con-
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be seen directly as
a susceptance order to the main circuit.
Thyristor valves can switch only once per
half cycle and phase. A three-phase
valve assembly can be modeled by an
average time delay.

Typically, a response in the range of two
cycles is achievable. This fulfills the re-
quirement by the

reaches its limit. This time is essentially
the same irrespective of regulator gain.
The TSC valves will switch on at the ap-
propriate point on wave? and the TCRs
will cease conducting. The SVC will be
fully conducting in 1.5 cycles. The TSC
switch-on time may be longer depending
on its precondition (charged or dis-
charged). The most common condition is
discharged capacitors.

New control for faster voltage recovery

During a short circuit in the power grid
the positive phase sequence voltage is
depressed. The SVC runs fully capaci-
tive. In case of a lightly loaded system, a
temporary overvoltage may occur at fault
clearing. The primary reason for the over-
voltage is that the power system cannot
absorb the reactive power generation
from the SVC. A standard control system
has to wait until the voltage has exceed-
ed its set voltage before the regulator
can start reducing the susceptance or-
der to the main circuit. This inevitably re-
sults in an overvoltage with a duration of
at least one cycle. In the studied system,

utility that the re-
sponse time be no
longer than 40ms
in a strong net-
work. (In Saudi
Arabia, the grid
frequency is 60
cycles, ie, two cy-
cles correspond to
33.3ms.)

The stability of the
control must be
maintained at varying network strengths.
Typically the short-circuit capacity varies
by a factor of two between the strong
and weak conditions. The regulator is
trimmed to give a fast response at the
weakest network condition. It is accept-
ed that the SVC will be slower at the
strongest network. In case the system
becomes even weaker, automatic gain-
reduction algorithms are activated.

The major task for a utility SVC is to
quickly supply Mvar at severe voltage
drops at network faults. The most fre-
quent fault is a line-to-ground fault. The
positive sequence voltage typically drops
to 0.7 p.u. for a nearby fault and to grad-
ually higher values for more remote faults.
At such a large voltage deviation the SVC
regulator very quickly (in about one cycle)

Motors are almost impossible
to reaccelerate after fault clear-
ing in cases where SVCs were
not operating and in those
cases where they were, fewer
Mvars were needed when the
SVC response time was short.

voltages in excess of 1.5 p.u. may occur.
Many SVCs around the world do not run
in capacitive mode until after fault clear-
ing because there were no efficient ways
to solve this problem at the time when
they were installed.

A simulation of the temporary overvolt-
age is shown in = 13. The need to switch
the TSC out faster is evident. To improve
the situation, a new control function was
developed and implemented in the three
Saudi SVCs where the TSCs are blocked
at the first current-zero crossing follow-
ing fault clearing. This approach has
been shown to be efficient in simulations,
however real data is still to come. The re-
sults obtained with the new control func-
tion are shown in = 14.



13 Temporary over-voltage: 1.4 p.u. over-voltage; TSC blocking at

the 4th current zero crossing

14 New TSC blocking function: over-voltage reduced to 1.1 p.u.; TSC

blocking at the 1st current zero crossing.
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17 Saudi SVC project

Several important conclusions can be drawn
from the Saudi SVC project:

Motor stalling or voltage collapse
problems are evident in power systems
with large induction motor loads such as
those produced by the frequent use of air
conditioners.

SVCs provide efficient support for the
positive phase sequence voltage during
faults. The speed of induction motors can
then be maintained at reasonable levels.
SVCs must run at a high capacity during
faults. The quicker the SVC response, the
smaller the ratings needed. Very large
ratings are required when the SVCs
become active only after fault clearing.

A short time rating is sufficient, ie, only a
few seconds of operation is required.
SVCs are robust and can run during faults
and during fault clearing.

The SVCs must be able to block TSCs
immediately after fault clearing to prevent
temporary overvoltages during light load
situations.

The typical SVC large-signal response
time (from zero to full output) is 1.5 cycles
with discharged capacitors.

The typical SVC small-signal response
time is 2.5 cycles for a strong power
system, resulting in two cycles in the weak
system without retuning.

Operational
experience shows
that the SVCs

are efficient in
supporting the
positive phase
sequence voltage
during and follow-
INg single-line-
to-ground faults.
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Operational experience

Three line-to-ground faults were experi-
enced in the grid system in the summer
of 2008, ie, during the peak load season.
Two of the faults were in the Jiddah area
(Faisaliyah) » 15 and one in Al Madi-
nah - 16.

The SVC responded quickly to the fault,
and became fully capacitive in 1.5 cycles.
During the fault, the system voltage was
constant or even increased slightly. It
was noted that the fault-free phase volt-
ages did not drop much after the initial
dip. At fault clearing the faulted phase
recovered instantaneously. The SVC re-
duced its output somewhat (about
100 MVAr) and ran at 500 MVAr for about
four cycles; thereafter it gradually re-
duced its output to about 200 MVAr dur-
ing the next five cycles. It remained at
this output throughout the recorded pe-
riod of 30s. It is interesting to note that
the faulted phase did not fully recover to
its prefault value within the 30s time pe-
riod.

At the time of the fault, the phase B to
neutral voltage instantaneously dropped.
The measured positive phase sequence
voltage in the SVC dropped with a time
constant of about 10 ms. This is the time
needed for phase sequence separation
and harmonic filtering. The voltage regu-
lator went fully capacitive in just a little
more than one cycle. The time for the
main circuit to run fully capacitive on all
three phases was 1.5 cycles. The delay
is due to the sampling effect — each
phase can only start conducting on the
zero crossing of their voltages. The TSCs
started to conduct with a minimum of
transients. At fault clearing the TSCs re-
mained in service. The currents still con-
tained a minimum of transients.

The fault in Al Madinah was similar to the
one in Jiddah = 14. The major difference
was that the fault in Al Madinah occurred
at 8:45 a.m., compared with 4:45 a.m. in
the previous case. At this later time the
load in the system was heavier. There
was larger asymmetry during the faults
and one of the fault-free phases was de-
pressed, while the third one remained
unaffected. The recovery was somewhat
slower and the SVC stayed at full output
for a longer period of time. It should be
noted that full capacity was needed only
during some tenths of a second.

Operational experience shows that the
SVCs are efficient in supporting the posi-
tive phase sequence voltage during and
following SLG faults. The SVC reaction
time is short and the TSCs behave cor-
rectly during the disturbances. Support-
ing the positive phase sequence voltage
most efficiently means running all SVC
phases fully capacitive. The disadvan-
tage is that also the fault-free phases
may be raised above the maximum con-
tinuous voltage. Such a rise could satu-
rate the SVC power transformer; howev-
er, this problem did not develop as a
result of the fault = 17.

Grid stability with fast SVC response

Power systems with large induction mo-
tor loads, such as air conditioners, pres-
ent a high risk of voltage collapse or mo-
tor stalling, particularly in conjunction
with faults. They tend to consume large
amounts of reactive power, which should
not be transmitted over large distances,
since this increases the risk of voltage
drops and causes active power losses.
To maintain voltage stability in such cir-
cumstances SVCs can be used. To pro-
vide voltage stability in the grid, particu-
larly in conjunction with fault situations, a
fast dynamic response from the SVC is
essential. There is typically a trade-off
between dynamic response and the Mvar
rating, ie, an increase in dynamic re-
sponse offers possible savings in Mvar
ratings while attaining the same favor-
able impact on grid stability.

Rolf Grinbaum

Peter Lundberg

Bjorn Thorvaldsson

ABB Power Systems,

Grid Systems/FACTS
Vasteras, Sweden
rolf.grunbaum@se.abb.com
peter.lundberg@se.abb.com

bjorn.thorvaldsson@se.abb.com

Footnote

2 Point on wave is a kind of synchronous
switching where there is an active choice of
moment in the cycle when the switching is
made.
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Breaking ahead of
expectations
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|. b . | d - More than a decade has passed since ABB invented the embedded
new relliabl |ty an pole for medium voltage applications. These interruption units offer the

e ﬂVi ronme ntal Staﬂ d ard S advantages of high dielectric strength, protection against environmental

conditions and maintenance-free operation throughout the product’s
IN vacuum b reaker life. The latest step in this success story is the PT1 interrupter. Thanks to

the adoption of thermoplastic material, the PT1 meets all performance
teC h Nno | Ogy aspects of its predecessor type while presenting numerous advantages,
ranging from application parameters to its environmental impact.
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circuit breaker must fulfill three

functional criteria: It has to

handle nominal current, break

short-circuit current, and block
voltages exceeding the rated voltage
level.

As the contacts move apart to interrupt
a current, an electric arc is initiated be-
tween them. In an AC system, this arc
extinguishes at the next zero crossing
of the current. The contact mechanism
is enclosed in a chamber = 1 containing
(in today’s medium voltage systems) a
vacuum.

ABB has been supplying medium voltage
vacuum interrupters (VIs) for over 30
years. While, in the late 1990s the mar-
ket was divided more or less equally be-
tween vacuum and SF, technologies,
vacuum has become the most dominant
technology today. ABB currently produc-
es approximately 350,000 vacuum inter-
rupters annually and is a leading manu-
facturer in this area. Today, ABB’s Vis
handle nominal voltages of up to 40.5kV
and short circuit currents of up to 63 KA.

Besides managing the electric field in-
side the VI, the insulation must addition-
ally withstand external power-frequency
and BIL " voltages (up to 95/200kV). This
performance can be significantly reduced
by environmental conditions (eg, dust).
This is one of the reasons why, several
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1 Schematic of an ABB vacuum interrupter
(type VG4)

2 General design of an embedded pole

a Stem/ Terminal f  Ceramic insulator
b  Twist protection g Shield

¢ Metal bellows h  Contacts

d Interrupter lid i Stem / Terminal
e Shield j Interrupter lid

a Upper terminal f Insulated push-rod
b  Vacuum interrupter with contact force
c Stem springs

d  Lower terminal g Fixing point

e

Flexible connection h  Connection to drive

years ago, ABB pioneered embedded
pole technology. The present portfolio of
ABB embedded poles covers the typical
requirements of medium-voltage sys-
tems up to nominal voltages of 40.5kV,
currents up to 3.150A and short-circuit
currents up to 50 KA.

The vacuum interrupter and its terminals
are completely embedded in epoxy resin.
The upper - 2a and lower = 2d terminals
are connected to the contact arm or the
bus bar of the switchgear. As the lower
contact must connect to a moveable
part, a flexible connection is needed to
conduct the current = 2e.

The moveable part is driven by an insu-
lating push rod - 2f connecting to the
breaker’s drive - 2h. This rod is made of
a polyamide material and contains a
spring package. The lower part of the
pole = 2g is fixed to the housing of the
circuit breaker by means of four screws.

The main advantages of this technology
(compared to an assembled or open-
pole system) are its high dielectric
strength as well as better protection
against environmental influences, humid-
ity and mechanical forces. The design is
compact, robust and modular. Another
important advantage is the fast and easy
assembly of the pretested and adjusted

poles on the vacuum circuit breakers.
Embedded poles are suitable for differ-
ent climatic conditions and are mainte-
nance free for life. This means the vacu-
um within  the interrupter and the
insulation capability of the pole are re-
tained for more than 30 years.

ABB is the inventor of this technology.
With close to 1,000,000 units in field ser-
vice, and an annual production of more
than 200,000 pieces, the company is
also the leading manufacturer of embed-
ded poles = 3.

Despite the successful implementation
of this technology and its huge advan-
tages, ABB is continuously striving to im-
prove it further. The newest member of
the embedded pole family is the PT1. In
contrast to its predecessors, the embed-
ded pole is not based on epoxy resin but
on a high-tech thermoplastic material.

Properties of thermoplastic poles

Function, form and process are among
the decisive factors in introducing a new
material (or class of material). The selec-

Footnote

1 The BIL (basic impulse level) voltage is an
expression of the equipment’s ability to
withstand overvoltages caused, for example, by
lightning and switching surges.



tion of a new material calls for an exten-
sive analysis process.

Selection of materials

The systematic selection process for a
material must verify the material’s rele-
vant characteristics as precisely as pos-
sible, taking into account the compo-
nent’s long lifetime (minimum 30 years).
The investigation considers both physi-
cal and chemical properties and also
considers material consumption aspects
and production technology.

As the inner side of the embedded pole’s
housing is in direct contact with the ce-
ramic surface of the VI, mechanical, ther-
mal and dielectric properties are of par-
ticular significance for the PT1. Due to
dielectrical considerations, density is the
most important property here. Also, be-
ing an interface between polymer, ce-
ramic and metal, and due to the large
operating temperature range (-30°C —
+115°C for operation, —60°C for stor-
age) the difference of coefficients of ther-
mal expansion have to be minimized,
while mechanical stability and breaking
elongation have to be maximized. The
pole is furthermore used as an outer di-
electric insulation when the Vls contacts
are opened: Consequently, dielectric
strength and comparative tracking index
(CTI) 2 have to be maximized as well.

Thermoplastic and epoxy poles compared
Comparing thermoplastic poles of type
PT1 with epoxy poles of type P1 revealed
important differences as well as similari-
ties.

Use of the thermoplastic material re-
duced the weight of the complete pole
by approximately 35 percent compared
with the P1. Looking at only the insulat-
ing material, the mass is in fact reduced
by more than a factor of three. This was
achieved by the following: The reduced
density of the thermoplastic (12 percent),
its significantly increased dielectric
strength (approx. 50 percent), improved
mechanical stiffness (approx. 100 per-
cent) and strength (300 to 400 percent).
These improvements furthermore al-
lowed a reduction of the volume.

The high injection pressures used in
manufacturing permit the thermoplastic
material to use short glass fibers. This
was not possible with the low-pressure
injection of epoxy-resin based compos-

3 ABB embedded pole family

T

ite. In order to achieve a better mixing of
components and a low viscosity, epoxy-
resin based composites usually contain
quartz powder (SiO, particles). Com-
pared to such particles, and considering
the same matrix material, fibers permit a
higher mechanical stiffness and greater
strength in the direction of the fibers due
to an improved transmission of forces.

In order to offer customers a smooth tran-
sition from epoxy to thermoplastic poles,
the outer dimensions of the epoxy poles
were kept within those of the thermoplas-
tic poles. Additionally, all functional di-
mensions are equal. This allows a full in-
terchangeability of these components.
The push rods and flexible connections
were also kept the

were fixed on a steel plate and a force of
5,000N was applied via the pushrod.
This force is 1.7 times higher than the
maximum loading in field service. For
these experiments, the temperature was
raised from room temperature (20°C) to
85°C; hence the increase of the pole
length (0.5 percent) at the start of the ex-
periment. Over the duration of the test
(four weeks), the length of the pole re-
mained constant. The length decreased
again during cooling of the poles at the
end of the experiment, leaving a residual
elongation of max. 0.2 percent (which is
close to the measurement accuracy).
Hence, an elongation of the pole due to
creeping or relaxation effects could not
be detected.

same.

Use of the thermoplastic

In the transition,
self-forming screws
replaced the metric
screws and brass
inserts used with
the epoxy poles.
The new screws
have already been
used successfully with thermoplastic
materials in other industries, eg the auto-
motive industry. They are fastened with a
torque of 35Nm, assuring great stability
(100,000 mechanical switching opera-
tions without a reduction in stability). This
strength corresponds to an epoxy pole
fixed with an M10-type metric screw re-
quiring a fastening torque of 50 Nm.

Creep and relaxation tests were per-
formed to verify whether, under operat-
ing conditions, (increased temperature
and contact forces) the dimensions of
the pole could change - 4. The poles

material reduced the weight
of the complete pole by
approximately 35 percent
compared with the P1.

When considering the long-term stability
of thermoplastic materials (especially
polyamides), the water affinity of the ma-
terial must be taken into account.

A connected vacuum circuit breaker in
off position must still be able to block
voltages as defined by the IEC standard
even after a significant level of water ab-
sorption has occurred. In order to verify
this, climatic tests were carried out at in-

Footnote
2 The Comparative Tracking Index is a measure of
the electrical breakdown properties of a material.
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4 Results of the creeping and relaxation experiments
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These were performed with the embedded pole type PT1 at 5000N and 85 °C, and show that no mea-
surable deformation occurred. The jump at the beginning and end of the test period reflect

heating from room temperature and the return to it.

creased temperature and humidity (in-
creased water absorption for 500h at
60°C, 75 percent humidity), in parallel
the poles were exposed to an AC voltage
of 50kV. All tested poles demonstrated
stability under these conditions.

Furthermore, a closing operation with a
short-circuit current followed by a re-
opening had to be correctly handled by
the pole. As the mechanical stability is
significantly higher than for epoxy based
composites, all tests were passed suc-
cessfully with the new PT poles.

Production process

The overall concept for both the epoxy
resin poles and the thermoplastic poles
is quite similar. First, the inlay groups
with the vacuum interrupter and termi-
nals for the mold are pre-assembled.
Then, these assembled groups are pre-
treated (eg, cleaning and testing). Sub-
sequently, the groups are positioned in
the mold, which is locked, closed and
filled with the material. Due to the signifi-
cantly different pressures during injection
molding, the time required to fill the mold
varies. For the epoxy resin-based com-
posite, the filling is followed by the curing
time, whereas for the thermoplastic it is
followed by cooling. The general flows of
production for the thermoplastic is shown
in - 5.

The epoxy resin process is a chemical re-
action, whereas the thermoplastic setting
consists of a cooling-down period featur-
ing crystallization of the material. The
temperatures of the molds are approxi-
mately the same for both processes,
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whereas the injection temperatures of
the raw materials are significantly differ-
ent. For epoxy resin this is slightly above
room temperature, whereas the melting
temperature of the thermoplastic material
is up to 300°C. Consequently, heat
needs to be applied during the epoxy
resin process, whereas for the thermo-
plastic material, it must be dissipated.

As soon as the setting is complete, the
mold is opened and the pole extracted.
As the adhesion between thermoplas-
tics, steel and other metals is generally
very low, extracting the pole is not a
problem. The poles are then forwarded
to final assembly and testing. At this
step, the push rod is added and the
transport protection for the VI is mount-
ed. The functional dimensions and the
resistance of the pole are checked as a
routine test.

The use of a fully automated modern in-
jection molding machine with integrated
sensors in the production of the thermo-
plastic VI improves on the already high
process reliability of the epoxy pole.

The PT1 pole
The two available variants of the PT1
pole are shown in = 6.

The PT1 pole = 6a is capable of handling
short-circuit currents up to 31.5KA,
nominal currents up to 1,250 A and volt-
ages up to 17.5kV. These values are
similar to the ones of the corresponding
epoxy pole type P1. The detailed charac-
teristics are shown in = 7.

5 General flow of production: thermoplastic
VS. epoxy resin poles
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6 Variations of the PT1 pole - version for
31.5 kA (6a) and 25 kA (6b)

6a 6b

As the PT1 is used in medium-voltage
systems, the general requirements are
laid out in IEC 62271-100. These are all
fulfilled or exceeded by the PT1. The pole
fulfills the highest qualifications known by
the standard, namely M2 (mechanical en-
durance), E2 (electrical endurance) and
C2 (capacitive switching for back-to-back
and cable switching operations).

Although this classification indicates that
the PT1 fulfills the standard, it does not in-
dicate the limit of performance. For ex-
ample, concerning mechanical endurance,
the standard requires 10,000 mechanical
switching operations, whereas the PT1 is
easily able to handle more than 50,000
operations without any maintenance.



7 Characteristics of the PT1 pole

Electrical 1206-25 1212-25 1206-31 1212-31
Characteristics 1706-25 1712-25 1706-31 1712-31
Rated voltage kv 12/17.5 12/17.5 12/17.5 12/17.5
Rated frequency Hz 50/ 60

Rated power-frequency

withstand voltage (ms) kV .42

Rated lightning impulse

withstand voltage kV .. 95

Rated normal current (ms) A 630 1250 630 1250
Rated short-circuit

breaking current (ms) kA 25 25 31.5 31.5
Rated short-circuit

making current (peak) kA 63 63 80 80
Pole weight kg 4.8 4.8 5.6 5.6
Contact force N 2400 2400 3200 3200
Mechanical life CO-ops. 30,000

Service life yrs. 30

CO-ops. at rated short-

circuit breaking current 50

Operating temperature °C -30 ... +40

Generally, it can be stated that the PT1
pole exceeds all requirements from stan-
dard point of view and is superior or

test for capacitive switching (back-to-
back and cable charging) and electrical
endurance have been carried out in this

way. As the pole is

The use of a fully automated
modern injection molding
machine with integrated
sensors in the production of
the thermoplastic VI improves
on the already high process
reliability of the epoxy pole.

equal in performance to existing embed-
ded poles based on epoxy resin com-
posites.

Tests performed

As already mentioned, the PT1 pole ful-
fills the requirements of IEC 62271-100
and passed all mandatory type tests.
These tests were performed on PT1 fit-
ted with the standard ABB vacuum cir-
cuit breakers type VD4 and VM1. More-
over, to render the demonstration fully
functional, these tests were not carried
out on standalone breakers but on break-
ers inside ABB switchgear type UniGear
and enclosures type PowerCube.

This setup was used for all mandatory
IEC type tests, ie, mechanical endur-
ance, temperature rise, making and
breaking, short-circuit testing (STC), as
well as dielectric tests. Furthermore, the

intended for world-
wide use, the re-
quirements of these
tests were adapted
to cover the values
required by most
standards, eg, the
power frequency
test voltage was
set to 42kV, the
BIL test voltage to
95kV and 4 s have
been applied for
the STC. All these
tests were carried out under the rules of
the internationally recognized STL orga-
nization (Short-circuit Testing Liasion)
and were therefore witnessed by an in-
dependent third party.

In addition to these, a large number of
additional tests were performed, eg, an
internal arc test according to IEC 62271-
200. This was passed by the circuit
breaker without any ignition of the pole.
Furthermore, partial discharge (PD) mea-
surements were carried out on a large
number of poles. These tests have shown
no PD on any of the investigated poles
and thus confirm the well-known superi-
or behavior of ABB embedded poles in
the field.

Applications of the new pole

type PT1

As a member of the ABB embedded pole
family, the PT1 will be used on the cur-
rent versions of both the VD4 and the
VM1 = 8. It will be used to break short
circuits, loaded and unloaded cables,
transformers, motors, generators as well
as capacitor banks. Furthermore, the
pole will be sold as a components to
OEM customers and as a replacement
part for retrofit projects. Examples of ap-
plication areas are shown in = 9.

From a customer point of view, the tran-
sition from the current embedded pole to
the PT pole is extremely smooth and re-
quires little effort. The PT1 is fully com-
patible to the existing P1 pole and has
identical functional dimensions. To allow
a smooth transition for OEM customers,
ABB will not only provide support through
the sharing of test reports, but also be
issuing advice and declarations to help
minimize the number of tests that need
to be repeated in combination with an
|EC-based test matrix. Once the circuit
breaker is fitted within the customer’s
switchgear, the dielectric test is usually
the only test that needs repeating

Advantages of the PT1 pole

Thermoplastic poles offer the same ad-
vantages as all other ABB embedded
poles and fulfill highest quality require-
ments, eg, optimized dielectric insula-
tion, protection of the VI and mainte-
nance-free operation. In addition, they
have several advantages compared to
the current embedded poles and are
therefore equal or superior in all aspects
compared to the epoxy ones.

From an environmental point of view, PT
poles present significant improvements
over their epoxy predecessors, in terms
of both their environmental-friendly pro-
duction and recyclability®. To quantify
this statement, a calculation was per-
formed of the carbon footprint needed
for the production of the poles. The anal-
ysis did not only consider the production
of the poles themselves but also the pro-

Footnote

3 See also “For a better environment: Recycling
opportunities for insulating components” on
pages 10—-16 of ABB Review 2/2009.
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8 VD4-type circuit breaker with PT1

pole

9 Examples of application areas
of PT1 embedded poles

— Power plants

— Transformer substations

— Chemicals industry

— Steel industry

— Automobile industry

— Airport power supply

— Shipbuilding (Marine applications)
— Power supply to buildings

The production
of PT-type
thermoplastic
poles reduces
CO, emissions
by more than
50 percent with
respect to their
predecessors.
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duction of the base material *. This cal-
culation shows that the production of
PT-type thermoplastic poles reduces
CO, emissions by more than 50 percent
with respect to their predecessors, cor-
responding to a reduction of approxi-
mately 3,000 tons of CO, per year con-
sidering the ABB production numbers.

Another advantage of thermoplastic ma-
terials is that the production process it-
self can be controlled very accurately,
reducing variation of the properties of the
material as well as the pole itself. Due to
the mature technology of injection mold-
ing machines, a fully automatic produc-
tion process is possible for PT poles, al-
lowing detailed recording and full control
of all relevant process parameters. This
leads not only to increased traceability
but also an improved quality control by
statistic process control (SPC), improv-
ing the already well-known high quality of
the present embedded poles.

Concerning technical parameters, the
performance of the PT1 pole could be in-
creased with regard to the P1 epoxy pole.
The mechanical strength and the low
temperature performance of the PT could
be significantly increased, extending its
operating limits. Furthermore, the fire
load of the PT poles is significantly lower,
presenting a further safety advantage for
the end-customer. Additionally, the weight
of the pole was reduced by 35 percent
simplifying handling and transportation.

The PT pole, as the newest member of
the successful embedded pole family of
ABB, is the latest step in the development
of this successful technology. They match
or surpass all performance aspects of
their predecessors while being totally
compatible and making an important con-
tribution toward climate protection.

Thorsten Fugel

Dietmar Gentsch

Arne Klaska

Christoph Meyer

ABB Calor Emag Mittelspannung
Ratingen, Germany
thorsten.fugel@de.abb.com
dietmar.gentsch@de.abb.com
arne.m.klaska@de.abb.com

christoph.meyer@de.abb.com

Footnote

4 Using original data that was either published or
directly provided by the manufacturer of the
material.
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THOMAS WESTMAN, PIERRE LORIN, PAUL A. AMMANN - Keeping fit and
“staying young” are goals for many - including power transformers.
Many of the world’s transformers are reaching an age where these goals
are becoming critical for their survival, and for the survival of the
operating companies. The consequences of a transformer failure can be
catastrophic. This is why operators demand high availability and a rapid
recovery time after an outage. With an aging fleet of transformers and
tight maintenance budgets, transformers remain in service well past
their optimal life spans. The assumption that all are fit for an extended
working life can be a dangerous gamble. When it comes to transformer
asset management, an operator’s main objectives are to reduce the risk
of a failure and minimize the impact if a failure does occur. ABB’s
TrafoAsset Management™ provides just the support operators need to
make intelligent maintenance decisions to face these challenges.

Keeping aging
transformers healthy
for longer with

ABB TrafoAsset
Management™ —
Proactive Services
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ower transformers, which are

often the most valuable asset

in a substation or plant, are in-

dispensable components of
high-voltage equipment for power gen-
eration plants, transmission systems and
large industrial plants. Unexpected fail-
ures cause major disturbances to oper-
ating systems, resulting in unscheduled
outages and power delivery problems.
Such failures can be the result of poor
maintenance, poor operation, poor pro-
tection, undetected faults, or even se-
vere lightning or short circuits = 1,2. Out-
ages affect revenue, incur penalties and
can cost a company its reputation and
its customers.

The Institute of Nuclear Power Operations
stated in 2002 that more than 70 events
had been associated with large, main
auxiliary or step-up power transformers
(since 1996) [1]. Significant station impact
occurred during several events and in ad-
dition over 30 reactor scrams (ie, emer-
gency reactor shutdowns) as well as plant
shutdowns and reductions in power deliv-
ery were associated with transformer
events. The result: in many cases, lost
production and expensive repairs.

The enormous costs of power transform-
er failures provide ample incentive for
electric companies to ensure reliability
and availability throughout the life cycle
of these key assets. Transformers cost
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1 A nearly catastrophic failure damaged a transformer

2 The transformer in (1) has been remanufactured to a fully

functional state

anywhere from $2
million to $4 mil-
lion, and on the
rare occasions they
do fail, the financial
impact can be even
more significant —
in extreme cases,
they can leave a
company facing fi-
nancial ruin = 3. In
addition, as most

countries have

3 Cost estimates of an unplanned replacement of a typical generator

strict laws in place

step-up transformer

that control and

regulate power Environmental cleanup $500,000
supply, non-deliv- Lost revenue ($500,000/day) $10 million
ery penalties can Installation labor and processing $100,000 - $300,000
be as high as 100 Additional modifications and site work $300,000
times the price of New transformer unit $2 million — $4 million
the energy itself.

Transformer failures can cost up to $15 million, in addition to an

An aging fleet

Although trans-
formers are regard-
ed as highly dependable equipment, the
world’s current transformer fleet is quite
old. The average age for those in indus-
trial plants is 30 years, and 40 years for
those used by utilities. While aging trans-
formers are generally not “ticking time
bombs,” their failure rates as well as their
replacement and repair costs are steadily
— albeit slowly — increasing. = 4 shows the
development of the failure rate of trans-
formers installed in industrial plants (dark

operator’s reputation. Source: Doble Life of a Transformer Seminar.
Clearwater, FL, United States

orange), generation plants (light orange)
and transmission networks (gray). The
risk development curves are steeper for
industrial and power generation plants as
the transformers in these installations
tend to be used more intensively. While
age alone does not increase the risk of
unexpected failures, it generally is an indi-
cation of this risk. Risk of failure is height-
ened by other factors, including type of
application and the tendency to load



4 Development of the transformer failure rate in three different

applications

6 Overview of ABB TrafoAsset Management -
Proactive Services
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5a The investment in new transformers peaked
in the 1960s and 70s. Without optimized
maintenance strategies and extended
lifetimes, there will be another investment
peak some 50 years later.

transformers to their maximum to meet
the economic needs of the deregulated
environment and competitive markets.

=5 shows the investment peak in the
1960s and 70s for many companies in
Europe and the United States. The cost
burden when replacing aging equipment
has forced many companies to keep
transformers operating beyond their rec-
ommended life span in order to smooth
the investment peak. This is only possi-
ble by optimizing the maintenance of the
transformers and by implementing mea-
sures that extend their use.

At the same time, financial constraints
demand an increased return on invest-
ment under reduced maintenance bud-
gets and spending. The maintenance
budgets are under increased pressure
due to liberalization and deregulation,

5b Implementing ABB’s TrafoAsset
Management program can help smooth
the potential investment peak.

which have created a more finance-
based focus. As a result, operators can
no longer follow a simple time-based
maintenance strategy that mitigates risks
by doing everything, every year, for all
transformers. Instead, they must imple-
ment a more sophisticated condition-
based maintenance strategy: doing more
maintenance for high-risk transformers
than for low-risk transformers."” This re-
quires reliable information about the sta-
tus of the transformers.

ABB TrafoAsset Management -
Proactive Services

Operational managers require special
tools to support their strategic and day-
to-day decisions, which address the
above challenges and result in the right
maintenance actions at the right time.
Here, a clear trend has emerged: Man-
agers are moving from using time-based

The world’s current
transformer fleet

is quite old, and
the cost of replace-
ment has forced
many companies
to keep trans-
formers operating
beyond their
recommended

life span.

Footnote
1 High risk means high probability of failing and/or
high impact of a failure on business results.
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maintenance to implementing condition-
based maintenance, where decisions are
no longer driven by an average timeframe
defined by past experience and observa-
tions, but instead take into account the
actual condition of the equipment and
the level of reliability required to fulfill its
function. TrafoAsset Management sup-
ports this trend by focusing on three ele-
ments: analysis, risk assessment, and
planning of maintenance actions based
on asset management scenarios - 6.

Analysis

The design data, the information in the in-
stalled base system, the results of the
condition assessment and the mainte-
nance history provide ABB with a 360-de-
gree view of a transformer fleet. This data
plays a pivotal role for ABB in the assess-
ment management process. Not only is it
important for minimizing the risk of failure,
but it also provides valuable information
for initiating maintenance work should a
problem occur - that means quick main-
tenance and short downtimes.

Design analysis

ABB has access to original designs for
more than 30 legacy brands and design
knowledge of nearly 75 percent of the in-
stalled base of large power transformers
in North America — including those from
Westinghouse, GE, ASEA and BBC -
and other predecessor technologies. All
new ABB transformers are built using the
same design concept, which incorpo-
rates standardized, service-proven com-
ponents and modules, ensuring flexible,
dependable and adaptable transformer
designs.

Historical review

ABB’s installed data system monitors a
wide range of the company’s products. A
plethora of data on transformers is avail-
able and is continuously updated, eg,
current owner details and history. The
system provides an important basis for
the proactive detection of problems. For
example, an analysis revealed about 700
potential cooler problems in the installed
base of transformers. The search focused
on 10 to 600 MVA transformers that were
over 20 years old and had oil- and water-
type coolers. Many failed completely due
to leakages in these cooling systems, and
one such failure resulted in a three-month
production shutdown and lost revenue for
the operator. Using the information in the
installed base system, operators were
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7 Structure of a transformer monitoring system

Ambient temperature
(sun/shade)

HYDRAN M2
or equivalent

TAPGUARD 260
or equivalent

oil temp.

IDD or equivalent

mdf'ﬁ‘

LETTTT
Auxiliary contacts
for alarm signals
to SCADA system

Control
cabinet

o B

Remote supervision access TEC advanced PC | Working station #1
by ABB Service Center v

Managed Ethernet
switches (MOXA)
or equivalent S

Working station #n

Link to SCADA* using
IEC 60870-5-101 / IEC 60870-5-104 / IEC 61850 / DNP 3.0

Copper cables / CANBUS *
Communication over TCP/IP
Fiber optic link

Supervisory Control and Data Acquisition (SCADA)

Source: Uhlmann O. (2009). ABB Transformer Service Engineering Solutions Portfolio Overview.

8 Transformer monitoring interface showing the status of important parts of the transformer
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Source: ABB TEC Monitor. Retrieved January 2010 from http://tec2.vbelnat.se/.

contacted proactively and the systems
could then be checked regularly.

Transformer monitoring

Transformer monitoring is becoming an
essential component of transformer
management. It serves as an early warn-
ing system for any fault developing in the
main tank and in the accessories, allow-
ing an operator to evaluate the severity
of the situation. Multiple transformers are
connected to the operator’s network and
can be monitored from a local control
room or from remote working sta-

tions = 7. Sensors measuring dissolved
gases, moisture in oil, oil temperature,
load current for each unit, and ambient

Footnotes

2 The risk of catastrophic failures can be reduced
statistically from 0.07 percent to 0.03 percent
through transformer monitoring [2].

3 First-level maintenance is the first line of
problem management where information is
gathered and symptoms analyzed to determine
the underlying causes. Clear-cut problems are
typically handled with first-level maintenance by
personnel who have a general understanding of
the products.



9 Typical output results of ABB’s Mature Transformer Management Program™ (MTMP)
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Mechani- | Electrical | Thermal | Accesso- | Overall Risk mitigation —
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in factory / rewinding
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TFO 7 5 Standard maintenance actions
and controls
Standard maintenance actions and
WROE 15 controls / 10% overload capabilities
Standard maintenance actions and
4
URDC 0 controls / 15% overload capabilities

9a Step 1: Transformer fleet screening (of the
whole transformer fleet) provides a risk
assessment.

9c Step 3: Life assessment/profiling (of a
few transformers that had unusual results
in steps 1 and 2) uses in-depth analysis
to show the status of the transformers.
The circled area indicates the need for
immediate action.

temperature send data to the system via
analog signals. The interface provides
exact status information by generating a
model of the transformer and its working
condition and then comparing the mea-
sured parameters with the simulated val-
ues = 8. Discrepancies are detected and
potential malfunctions and normal wear
in the transformer and its ancillaries are
indicated. The monitoring system also
tracks transformer alarms, recording an
actual event as well as the sequence
leading up to the alarm to assist opera-
tors in determining the root cause. The
benefits of monitoring are substantial. A
CIGRE study has shown that transformer
monitoring can reduce the risk of cata-
strophic failures by 50 percent? [2]. Fur-
thermore, it has been shown that early
detection of problems can reduce repair
costs by 75 percent and loss of revenue
by 60 percent, and that annual cost sav-
ings equal to 2 percent of the price of a

9b Step 2: Transformer design and condition assessment (of a subset of high-risk transformers)

suggests concrete actions for each transformer.

new transformer - ie, approximately
$40,000 to $80,000 - <can be
achieved [3].

The strength of ABB’s Transformer Elec-
tronic Control, or TEC, monitoring sys-
tem is that it receives all the relevant in-
formation from just a few multipurpose
sensors. Other necessary parameters
are calculated, adding only minimal com-
plexity to the transformer. The end user
is no longer forced to spend a lot of time
sorting and interpreting data. In addition,
the maintenance manager receives im-
portant information indicating the neces-
sary actions for first-level maintenance.®

Condition assessment

ABB is the pioneer in highly customized
condition assessment offerings. Its
MTMP (Mature Transformer Management
Program) is a state-of-the-art minimally
invasive condition assessment process
used to evaluate the power transformers
in a customer’s fleet and to identify which
units need to be replaced or refurbished
and when.

This process is implemented in three
steps = 9. It starts with a high-level fleet
assessment based on easily accessible
data, such as unit nameplate data, oil
and dissolved-gas-in-oil data, load profile
and history of the unit (transformer fleet
screening) = 9a. Next, a subset of the
transformers identified in step one is ex-
amined in more detail (transformer design
and condition assessment) = 9b. Modern
design rules and tools are used to evalu-
ate the original design, and advanced di-

Operators can
no longer follow
a simple time-
based mainte-
nance strategy
that mitigates
risks by doing
everything, every
year, for all trans-
formers.

Fit at 50
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agnostic tests are performed to assess
each of the principal properties of the
transformer in a structured way. These
include mechanical status, thermal status
(aging of the insulation), electrical status
of the active part and the condition of the
accessories, such as tap changers, bush-
ings, overpressure valves, air-dryer sys-
tem, pumps and relays. The number of

Early detection of
problems can re-

duce repair costs

by 75 percent and
loss of revenue by
60 percent.

units identified for further analysis is typi-
cally limited to two or three out of a popu-
lation of 100. At this stage (life assess-
ment/profiling) = 9¢, highly specialized
experts analyze the units using simulation
tools. Detailed data is then sent to the
end users’ operational managers, provid-
ing concrete information about whether a
transformer can be overloaded, its nomi-
nal power or voltage rating increased or
its lifetime extended [4].

Risk assessment

The risk assessment = 6 is based on two
variables. The first, risk of failure, is esti-
mated using the input from the analysis
phase, ie, age or time in service, trans-
former’s nameplate data (kV, MVA, etc.),
application and loading practices, opera-
tional problems or issues, latest field-test
data (eg, dissolved gas and oil analyses),
availability of a spare transformer and
spare parts. The second variable is the
importance of a transformer in a network,
indicating how much of the operator’s
system will be out of service if a particu-
lar transformer fails. By comparing these
two variables, different levels of urgency
for maintenance actions can be
defined - 9a. The asset manager can
then ensure that maintenance of high-
risk transformers is prioritized.

Asset management scenarios

The risks for a transformer operator in-
clude not only the inherent technical risks
but also the economic consequences of
a possible fault, eg, the cost of non-de-
livered energy. With this in mind, ABB
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and a large operator co-developed an
economical model that evaluates the life-
cycle costs of a transformer fleet over a
given period = 6. The model takes into
account four categories of costs related
to the cost of ownership over the lifetime:
investment, maintenance, operational
and consequential costs. Comparative
investment scenarios and sensitivity
studies can be run by varying the re-
placement year or maintenance of the
unit. For each scenario, the process
shows the associated net present value.
An optimization routine can also be used
to automatically minimize the life-cycle
costs of the population. The process
outputs a list presenting the optimum
time to maintain or replace the individual
transformers or transformer groups. The
net present value of the whole population
of transformers is determined by looking
at the condition of each unit and the
maintenance actions selected to improve
their condition. The operational manager
can then evaluate different maintenance
scenarios and obtain a summary of the
payback of planned maintenance ac-
tions. The novel aspect of the method is
that not only are maintenance costs con-
sidered but economical benefits related
to the impact of maintenance on reliabil-
ity are considered as well [5].

Maintenance packages

ABB provides personalized recommenda-
tions and support using available data
and state-of-the-art tools and mainte-
nance packages, as shown in = 6. These
include regular asset services, early-life
inspection, midlife refurbishment and re-
manufacturing. For many operators midlife
refurbishment has become very important
as their transformers are aging. Midlife re-
furbishment is an extensive overhaul of a
transformer to extend the remaining life-
time and increase

ing, connection retightening and installa-
tion of new parts, is often an aspect of a
midlife refurbishment.

The benefits

Not knowing the risk structure of its
fleet, a company tends to overspend on
the maintenance of its low-risk trans-
formers and underspend on the high-
risk transformer = 10. Overspending on
low-risk transformers is a “high-risk ac-
tivity,” as approximately 30 to 50 percent
of maintenance actions are unnecessary
[6]. But needless maintenance work can
be avoided by implementing regular fleet
assessments. The use of preventive or
predictive maintenance is improving the
transformer economy, which has been
challenged by the limited maintenance
resources associated with utility deregu-
lation. Focusing the personnel and capi-
tal resources to the prioritized needs —
with the priority based on the condition
assessment ranking — can provide im-
proved reliability at a fraction of the cost
of traditional time-based maintenance
programs.

It is estimated that life extension of five to
15 years can be achieved with properly
focused preventive maintenance pro-
grams. The economic advantage related
to preventive maintenance work and cor-
rective actions can also be expressed in
terms of extended life of the transformer
assets — this is achieved by eliminating
failures that might have occurred due to
the lack of timely critical maintenance.

A proactive approach

ABB TrafoAsset Management provides
operators with the information, exper-
tise and maintenance tools they need to
face the challenge of managing their
transformer fleets. The result is im-

reliability, and is
typically performed
after half of the ex-
pected lifetime. It
involves several
maintenance steps,
including advanced
diagnostics to
check mechanical, thermal and electrical
conditions. New or refurbished accesso-
ries such as on-load tap changers, bush-
ings, pumps, temperature sensors, valves,
gaskets and water coolers might be used.
Refurbishment of the active part through,
for example, cleaning, winding reclamp-

ABB’s TrafoAsset Manage-
ment focuses on analysis, risk
assessment, and planning of
maintenance actions.

proved asset management and lower
risk of unexpected failures. In addition,
the comprehensive range of data col-
lected, from design to condition assess-
ment, helps reduce the impact of a fail-
ure by enabling the transformer to
quickly return to normal operating con-



10 ABB TrafoAsset Management™ - Proactive Services in practice

One of ABB’s customers, a major transformer
operator, had been using a time-based
maintenance strategy, which meant that it did
not know whether the maintenance done on
each transformer was adequate for its risk
profile. In addition, the maintenance budget was
under pressure due to market liberalization and it
was unclear whether it would be sufficient for
the risk structure of the transformer fleet.

ABB thus undertook a fleet assessment study of
128 individual transformers at 54 different
substations to determine the risk of failure of
each of the transformers in the entire fleet. The
result was a prioritization of the fleet based on
corrective measures, such as detailed design or

condition assessment, diagnostic evaluation,
inspection, repair, or replacement. With this
information, the customer could then reallocate
its resources to the high-risk transformers and
reduce costs in the process.

The benefit of a condition-based maintenance
approach is shown clearly in this example. The
customer benefits from an optimized use of time
and resources, which results in increased fleet
reliability. Much more of the maintenance budget
is now concentrated on the transformers that
show a high risk of failure or are of high
importance in the network. These transformers
are maintained proactively in order to lower the
risk of an unexpected failure.

Unit Budget prior to

fleet assessment

Budget after
fleet assessment

11 high-risk transformers

$110,000 (9% of budget)

$245,500 (25% of budget)

47 medium-risk transformers

$470,000 (37% of budget)

$434,000 (45% of budget)

70 low-risk transformers

$700,000 (54% of budget)

$294,500 (30% of budget)

Total: 128 transformers

$1.28 million maintenance budget

$974,000 maintenance budget

Distribution of maintenance budget before and after ABB fleet assessment. The result of the
optimized maintenance solution is a savings of 24 percent of the customer’s maintenance budget
($306,000 annually) as well as having better maintained high-risk transformers.

ABB'’s asset-
management
approach provides
a clear picture of
the risk structure
and the mainte-
nance required to
deliver needed
asset reliability
and availability.

ditions. By performing proactive mainte-
nance based on the TrafoAsset Man-
agement method, operators benefit
from a lower risk of unexpected failures
as well as fewer penalties (for utilities)
and loss of revenue (for industry) = 10.

The importance of asset management
and proactive services based on condi-
tion assessments of transformers is par-
amount due to the increasing average
age of the worldwide transformer fleet
and the more demanding conditions re-
garding quality of uninterrupted energy
delivery. ABB’s integrated modular asset-
management approach provides a clear
picture of the risk structure and the main-
tenance required to deliver needed asset
reliability and availability. This allows op-
eration managers to make the best use
of maintenance and replacement bud-
gets, allocating funds to high-risk units.

By reducing the risk of failure within given
financial constraints and by minimizing
the impact of a failure when it does oc-
cur, ABB’s TrafoAsset Management is
providing a powerful service.

For more information on ABB’s transformer
offerings, please visit www.abb.com/transformers.
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Drive data are a treasure trove of hidden information that can

help industries solve problems before they even happen
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costs and

downtime. By extracting and processing data from existing
devices traditionally used in process industries, such as

interpreting the large quantities of data available in the most
devised a way to easily access and process important data

effective way seems daunting as well as costly. ABB has
lems from occurring and hence maximize the availability of

drives, customers can prevent otherwise unforeseen prob-
their machines.

without the burden of additional equipment

expense of installing proper sensors and cabling, especially

MICHAL ORKISZ, MACIEJ WNEK, PIEDER JOERG - As processes
become ever more complicated and margins thinner, mini-
operates correctly is as important as ever. Proper condition
monitoring of critical equipment can act as an early warning
system against impending problems. However, condition

if the monitoring system needs to retrofitted to existing
equipment. Another reason is that the task of selecting and

mizing downtime by ensuring that industrial machinery
monitoring is not used everywhere, often because of the
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ndustries are constantly under pres-
sure to reduce costs while increasing
service and productivity. The most ef-
fective way of fulfilling these aims is for
managers to know the state of their equip-
ment — in particular the critical compo-
nents — at all times and to use this infor-
mation to quickly identify and rectify faults
before they spread to other parts of the
process [1]. A good condition monitoring
system helps predict the reliability of
equipment and the risk of failure. With so
much to gain, why is it that condition
monitoring is not used everywhere? One
reason is that existing equipment is often
already retrofitted with a monitoring sys-
tem and the installation of additional sen-
sors and cabling could prove both com-
plicated and expensive. Another reason
concerns the interpretation of results. In
many cases it may not be clear how to
use a set of data that gives information
about one aspect of a process to provide
information about another. For example,
determining the fractal dimension of a
certain phenomenon may be fairly straight-
forward but relating it to the condition of a
machine may not be so obvious.

Most processes use devices that are ca-
pable of collecting and producing rele-
vant signals, which, if harvested and pro-
cessed correctly, can also be used for
diagnostic purposes. Among others, one
such example is ABB’s family of ACS
variable-speed drives, which are often

used to power critical equipment. The
drives are based on powerful controllers
that consume and provide tens, if not
hundreds, of signals with sub-millisecond
resolution.

To be useful for condition monitoring,
data needs to be obtained from the drive
inverter in one form or another. Internally
the signals — which include measured
and computed values such as speed,
frequency, torque, flux, current, power
and temperature, as well as parameters
such as configurable drive settings — are
stored in a regularly updated memory
table. Data can be retrieved from this ta-
ble as OPC ' values or they can be load-
ed into hardware data loggers.

Data loggers are programmable buffers
capable of storing values from several
selected variables concurrently with a
specified sampling rate, generally one
that is high enough to make the data
useful for spectral analysis. In normal op-
eration, the newest data overwrites the
oldest until the loggers are triggered by
certain events, such as the occurrence
of a fault or an alarm, a selected variable
signal crossing a specified threshold or a
software command. As the buffers are
circular, some data

switching pattern, so there is no such
thing as a constant switching frequency.
This makes the straightforward applica-
tion of spectral analysis methods some-
what challenging. Because individual
spectra contain many hard-to-predict
components collected one after another,
the averaging of many spectra using
point-by-point averaging, for example, is
essential to obtain a “clean” spectrum.

In general, signals currently available
from the ACS drive are used primarily for
control purposes. Therefore some of the
preprocessing needed for condition
monitoring signals is missing. One such
process is anti-aliasing filtering. Data
points are sampled or computed at rates

prior to and after
the trigger can be
retained. ABB'’s
DriveMonitor™ sys-
tem can read
the contents of a
drive’s  hardware
data logger. It con-
sists of a hardware
module in the form
of an industrial PC and a software layer
that automatically collects and analyzes
drive signals and parameters [2].

Because the resolution has already been
determined and preprocessing has been
performed, drive signals are generally
available in a form not easily applicable
to diagnostic evaluation. It is therefore
necessary to employ a suite of “tricks” to
transform the data so that it becomes
useful for diagnostics.

True to their name, variable-speed drives
dynamically change the frequency of the
current supplied to the motor. The direct
torque control (DTC) method employed
in the drive produces a non-deterministic

Most processes use devices
that are capable of collecting
and producing relevant sig-
nals which can be used for
diagnostic purposes.

up to 40kHz, but can only be accessed
at lower rates (eg, by keeping every 40th
data point). In signal processing it is typ-
ical that frequencies above the so-called
Nyquist frequency — defined as half the
sampling rate — should be filtered out
prior to signal sampling. Skipping this
step means the peaks from the higher
frequencies will appear in the lower part
of the spectrum, making it very hard to
interpret. For example, signals contain-
ing frequencies of 400Hz, 600Hz,

Footnote

1 OPC stands for object linking and embedding
(OLE) for process control and represents an
industry standard that specifies the communica-
tion of real-time data between devices from
different manufacturers.
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1.4kHz and 1.6 kHz that are sampled at
1 kHz all produce the same aliased spec-
trum with a peak at 400 Hz.

When it comes to monitoring drive-in-
duced changes in the output frequency,
the high frequencies are important. Be-
cause they were not filtered out by the
anti-aliasing filter combined with the fact
that the drive’s output frequency is rarely
constant means they can be recovered.

This recovery process is illustrated in

The individual true spectrum containing
the original and aliased peaks, as com-
puted from the measured data, is shown
in The x-axis is scaled so that the
output frequency is 1. This spectrum is
“unfolded” by appending copies of itself
(alternating  between reversed and
straight) along multiples of the Nyquist
frequency. A number of unfolded spectra
for varying output frequencies are then
averaged so that previously aliased
peaks are returned to their original
place

Variable-speed drives are generally used
in applications where a process param-
eter needs to be controlled. The drive
changes the output frequency in re-
sponse to an external request (eg, to
pump more water) or because of process
changes (eg, more load on a conveyor
belt increases the slip of an asynchro-
nous motor) or perhaps because of a
combination of both. While traditional
spectral analysis methods assume con-
stant frequency, frequency variations can
be handled using one of two approach-
es: selecting constant frequency mo-
ments or rescaling the time axis.

The first approach takes advantage of
the fact that data is available in large
quantities at any time. Most of it can ac-
tually be ignored in favor of keeping only
a few “good” data sets. The trick, how-
ever, is knowing what to keep and what
to throw away. A good criterion for se-
lecting a suitable data set is that the out-
put frequency should not change appre-
ciably during the measurement, and only
a set of conditions that occur regularly in
the process should be considered for se-
lection.

Sometimes the operating-point varia-
tions are so frequent that it is impossible
to find such a stretch of data for any
length of time. In such cases, the solu-
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tion is to convert
the data domain

from time to anoth-

er quantity, such
as the electric field

angle.? To aid in
this transforma-
tion, various mea-

surements can be
collected from the
drive inverter in

parallel with the
original signal. The
instantaneous val-

10 15 20 25 30 35
Frequency (orders)

ue of the output 2aWith aliased peaks

frequency ® is one

such measure- 1.5
ment. This fre-
quency is then in-

tegrated to vyield
the angle of the
stator electric field,

Torque (kNm)

0.5

which then replac-
es the original x-

value of each data 0
point. Further nor- 0 5
malization can be

10 15 20 25 30 35
Frequency (orders)

applied to the y-

2b With an averaged “unfolded” spectrum

values.

This transformation results in an x-axis
that is no longer equispaced and there-
fore the fast fourier transform (FFT) spec-
tral approach cannot be used. Instead,
the Lomb periodogram method is em-
ployed [3]. This process, as applied to
one of the phase currents of a hoist ma-
chine, is illustrated in The original sig-
nal with pronounced frequency and am-
plitude variability is shown in The
RMS current value reported by the invert-
er is given in and the measured in-
stantaneous frequency is plotted in

The stator electric field angle is shown
in and its shape follows the trend
that the higher the frequency, the faster
the rate the angle increases. The regular
sinusoid shown by the solid mustard-col-
ored waveform line in results when
the original current signal is normalized
(using point-by-point averaging) by the
RMS current value and its x-axis respaced
to reflect the angle. This in turn leads to a
spectrum that is represented by a single-
frequency peak (solid line in ), while
the raw data spectrum, shown by the
dotted line, is not represented by a single-
frequency peak.

Different transformations can be applied
depending on the information required.

The frequency
variations associ-
ated with vari-
able-speed drives
can be handled
by either select-
ing constant fre-
quency moments
or rescaling the
time axis.
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For example, suppose engineers want to
know if certain motor defects such as im-
balance, misalignment and bearing faults
are present. Rather than measuring the
instantaneous value of the output fre-
quency, a motor speed signal may be ac-
quired. After an analogous transforma-
tion, the x-axis represents the shaft angle,
which in turn facilities the search for mo-
tor defects related to the rotating speed.

Converted drive data can be analyzed

using two general methodologies that re-

veal different and important diagnostic

information. These methodologies are:

— Point-to-point variability within one
signal

— Signal-to-signal correlations

Point-to-point variability can be analyzed
via spectral analysis in which periodic
components are represented as peaks in
the spectrum while various system de-
fects or conditions can manifest them-
selves as spectral features with different
frequencies. Signal-to-signal correla-
tions, on the other hand, give information
about the operating point and any asso-
ciated anomalies.

Other methods use acquired knowledge
about the normal behavior of a machine
or process, and any observed deviations
are immediately indicated. Irrespective of

3e Transformed signal

3f Spectrum (raw signal is dotted;
transformed is solid)

which method is
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lying purpose is
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clusions can also
be helpful in uncovering the root cause
of a problem once it has been identified.

Drives equipped with an active rectifier
unit can use the spectra of supply volt-
ages and currents to yield valuable infor-
mation about the quality of the power
supply. Phase currents and voltages that
are measured concurrently enable engi-
neers to check for possible unbalances,
phase shifts, harmonic distortions, etc.
Similarly, looking at the harmonic content
of the output current is a means of verify-
ing the quality of the motor’s power sup-
ply. The drive provides information rele-
vant to the motor (such as frequency,
torque, power, RMS current and flux) and
to the inverter operation (such as internal
DC voltage levels, speed error and switch-

ing frequency). In fact the spectral analy-
sis of data supplied by a drive is capable
of revealing more than is uncovered by
the “classical” analysis of electrical or vi-
bration signals.

An example of an averaged torque spec-
trum from a rolling mill is shown in

The horizontal axis is scaled so that the
output frequency equals 1. There are two
peaks related to the rotating frequency,
Feor In addition, a family of peaks exists
at an interharmonic frequency of “X” =
0.7742 (37.86 Hz) and 2“X” (1.5484), and

Footnotes

2 These domains are equivalent when the
frequency is constant.

3 The frequency the drive establishes on the
output current. The drive controls this frequency
so it knows its exact value.
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this likely corresponds to a resonance
frequency in the driven equipment. This
is an interesting piece of diagnostic infor-
mation since such resonances acceler-
ate equipment wear, which in turn could
negatively impact certain process quality
issues, such as the uniformity of rolled
metal thickness.

Transient phenomena

Spectral analysis also helps to reveal the
presence of transient phenomena in drive
data. As well as stationary oscillatory
components in the signals, other more
temporary events may also be present
that are indicators of potential problems.
For example, the raw torque signal from a
rolling mill, measured over the course of
4s is shown in Some form of ring-
ing, which lasts roughly half a second, is
evident after approximately 3s. The spec-
trum of this ringing fragment is given
in where a 10Hz frequency compo-
nent and its harmonics are obvious. The
source of this oscillation is unknown but
the spectrum has highlighted a potential
problem that needs to be investigated.

The spectral anal-
ysis of data from
a drive is capable
of revealing more
than is uncovered
by the “classical”
analysis of electri-
cal or vibration
signals.

While it is impractical to continuously col-
lect high-frequency data, the periodic col-
lection and examination of such signals
significantly improves the chance of de-
tecting unwanted temporary occurrences.

Concurrently tracking operating-point
quantities (such as current, torque,
speed, power and frequency) in drive
data is an example of the signal-to-signal
correlation methodology mentioned pre-
viously. Analyzing the relationships be-
tween certain quantities can shed light
on both the operation of the machine
and the state of the process. The rela-
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tionship between torque and speed,
governed by the fan laws, is a good ex-
ample of a process-dependent relation-
ship.

The velocity pressure difference at the
output 4p is proportional to the gas
density p and the square of the output
velocity V:

Ap = p-V2/2

Power P is equal to the pressure differ-
ence times the volumetric flow rate Q:
P=Ap-Q

but it can also be expressed as a prod-
uct of torque 7 and rotating speed n:
P=17n

In normal operation under constant
geometry, both Q and V are propor-
tional to n, thus:

t=C-pn2

where the constant C depends on the
fan’s geometry.

It follows that the ratio 7n2 reflects the
density of the gas and the fan’s geometry,
which rarely changes.

In this ratio for a drive-powered fan
over a period of several days is plotted. The
oscillations (with a period of one day) reflect
the daily variations in temperature and thus
the density of the pumped air. High density
(cold temperature) occurs at night while
low density (warmer temperature) is evident
during the day. The drive data alone en-
ables the evolution of process variables,
such as inlet temperature, to be tracked. In
addition, comparing this data with values
from the control system (temperatures in
this case) can lead to the detection of any
unexpected discrepancies.

Tracking the operating point is possible
without having to employ any additional
hardware — the data is already available
in the drive. The analyzed data can be
presented directly or further analyzed by
using the principal component analysis
(PCA) technique described below.

Some processes powered by a variable-
speed drive are cyclic in nature. A rolling
mill application is one such example
where torque and current abruptly jump
or increase as a slab is loaded onto the
rolls and then suddenly decrease as the
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7a Examples of torque up and down profiles

Drives are but one
example of useful
diagnostic data
providers. Other
examples include
motor control
centers, protection
relays and intelli-
gent fuses.

7b The two clusters represent torque increases
and decreases

slab leaves. These jumps can be ana-
lyzed to detect any process instabilities
or divergence from normal behavior that
may be an indication of equipment wear
or material variations.

In order to extract only the most essen-
tial information, high-resolution data
gathered around torque jumps is pro-
cessed using the PCA methodology [4].
This technique reduces multidimensional
data sets to lower dimensions for analy-
sis. These lower dimensions condense
the set-to-set variability. Typical rolling
mill torque profiles are shown in

Each profile in , corresponding to
one jump, is reduced to a single point as
shown in . Jumps - or points - that
tend to cluster within certain boundaries
generally indicate the process is operat-
ing normally while those outside could
signify a problem. The full data set can
be saved for further examination at a
later stage or, if the analysis takes place
in real-time, more data can be collected.

In today’s competitive world, unplanned
downtime can be disastrous for a com-
pany. That is why industries are con-
stantly striving to maximize the availabil-
ity of their machines. To do this
effectively, some form of condition moni-
toring needs to be in place so that main-
tenance can be scheduled or actions
taken to avoid the consequences of fail-
ure before it occurs. Condition monitor-
ing is increasing in importance as engi-
neering processes become more
automated and manpower is reduced.

The benefits of condition monitoring need
not come at the expense of having to in-
stall additional equipment. Often the data

T
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provided by devices for one purpose in a
process can be used to satisfy another at
no extra cost. As an important part of an
industrial process, ABB drives have ac-
cess to and generate large quantities of
data, which, when properly processed,
can be used for condition monitoring and
diagnostics. Drives are but one example
of useful diagnostic data providers. Other
examples include motor control centers,
protection relays and intelligent fuses. As
well as being data providers, these de-
vices are capable of using their onboard
computational power for analyses.
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Smart metering

The meter cabinet as the metering and communication center

JURGEN LASCH - There are two main trends that are changing the way
we, as consumers, look at energy. One of these is growing concern
about the environment and especially the impact of energy usage. The
other is the rise in energy costs, which is leading people to seek ways of
consuming less. Both of these effects are changing the way people use
energy. Despite good intentions, it is not always easy to link day-to-day
actions with their actual energy impact and hence act accordingly.
Energy bills are typically received on a monthly basis and it is difficult to
distinguish the effects of individual actions or obtain meaningful feed-
back as to the effectiveness of changes.
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he introduction of so-called

smart metering technology is

changing this. At the Hanover

Trade Fair 2009, ABB present-
ed its electronic meters for domestic
supply. In combination with a “data gate-
way,” such a device enables customers
to visualize and track their energy con-
sumption and so identify ways to opti-
mize it. Data is displayed graphically in a
format that is simple to understand, en-
abling consumers to instantly optimize
their energy use and immediately see the
results of their actions — for example
when they install an energy-efficient re-
frigerator.

The German Federal Government has
made the introduction of smart meters
mandatory in Germany from 2010. With
the introduction of the electronic domes-
tic supply meter (EDSM) = 1 and its inte-
grated mounting and contact device
(BKE-1), ABB is offering innovative
aproaches to metering and distribution.
The new technology makes it possible to
build meter boards that are even more
compact than the present ones - 2.
Moreover, existing meter boards can be
retrofitted with an adapter (BKE-A), eas-
ing the transition to EDSMs.

ABB’s EDSMs are easy to install and set
a new and forward-looking standard for
domestic meters. They create a basis for
smart metering and make it possible to

1 ABB’s electronic domestic supply meter
(EDSM)

2 More functionality in less space
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not only use energy efficiently but also
save money in a deregulated energy
market. In combination with a data gate-
way = 3, they provide a complete solu-
tion for smart metering. Besides electric-
ity, the gateway can monitor and visualize
the consumption of other resources
(such as water, gas or heat) and so rep-
resent an integrated and complete me-
tering platform = 4. Data from the gate-
way can be presented to the building’s
residents in many different ways, for ex-
ample on a PC, a mobile phone or a
Busch-ComfortPanel® > 5. The data gate-
way also forwards this data to the suppli-
ers. The additional devices needed for
this are housed in the meter cabinet be-
side the smart electricity meter, thus
turning this cabinet into a communica-
tion center.

Once such a meter is installed, the long-
standing requirement for a utility employ-
ee to visit the site regularly and manually
take a reading becomes history. The util-
ity can periodically calculate consump-
tion by remotely accessing the electronic
meter. For the consumer, the energy
consumption of the house is presented
in an understandable format and at any
time. Residents can thus influence their
energy usage much earlier. Detailed
analysis can even help reveal any dam-
age to the network or hidden “power
hogs.”

750 mm

300 mm

3 The data gateway

ee0p0gg000Res
T Tl T [

The energy
consumption
of the house is
presented in an
understandable
format.
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4 Smart metering
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5 Consumption data display on a
Busch-ComfortPanel

Electronic domestic supply meters (EDSMs)

EDSM facts for measuring active energy for
meter reading purposes (billing) in single and
dual-rate design:
— Designed according to VDN specification
“Elektronische Haushaltszahler,”
Version 1.0.2
— Simple installation and
replacement of meter
— Single or dual-rate meters
— With internal real-time clock
— Highly resistant to interference
from magnetic fields
— Smart-metering ready
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A more equal
distribution of
energy con-
sumption can
be achieved
throughout the
day and indeed
the week.

Smart meters have an important part to
play in a future in which consumers will
have more freedom to chose their energy
supplier. In a household equipped with a
smart meter, power can be instantly and
remotely shut off when an account is
cancelled. Once the technology is ubig-
uitous, energy suppliers will increasingly
offer time-dependent rates. Consumers
will thus be encouraged to use high-en-
ergy appliances such as washing ma-
chines at low-rate times. In this way, a
more equal distribution of energy con-
sumption can be achieved throughout
the day and indeed the week. This will
lessen the need for costly peak load gen-
eration, and ultimately relieve energy
suppliers by reducing the grid manage-
ment workload that would otherwise be
caused by increased use of renewable
energies.

See also “The colors of intuition” on the following
pages of this edition of ABB Review.

Jirgen Lasch

Striebel & John GmbH & Co. KG
A member of the ABB Group
Sasbach, Germany

juergen.lasch@de.abb.com
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The colors
of Intultion

Innovative building- and room-control solutions win
prestigious red-dot award

BERNHARD DORSTEL, PETER SIEGER - New technologies, while
capable of making life better, can occasionally lead to frustra-
tion through their complexity. Developing a technology that

is not only innovative but also intuitive can challenge even the
brightest designers. In the area of building technology and
room control, ABB has met that challenge: A part of the Busch-
Jaeger Living Space concept, the Busch-ComfortPanel® (for
building management) and Busch-priOn® (for room control)

were jointly awarded the “red dot: best of the best 2008”
prize for their intuitive user-control system. Busch-priOn is a
modular control system for KNX-based building system tech-
nology. The concept enables the switching of lights, heating,
air conditioning and home electronics from a single central
position in a room that can also activate “living scenes” —
preprogrammed settings that, eg, dim the lights, close the
blinds and play one’s favorite music all at the same time.
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ncreased functionality and ease of use
are the qualities that set a new tech-
nology apart from the others. Busch-
priOn is one such technology. Follow-
ing the principle of “simplexity” — simple
controllability and focus on the essential
— the user can intuitively control even
complex functions. This concept is based
on the idea that any simplification is wel-
come in an ever more complicated world.

A multipurpose control unit

The Busch-priOn distributed room con-
trol unit bridges the gap between the
company’s classical switch program and
modern panel solutions. It provides clear
and intuitive control of building-system
technology components such as illumi-
nation, heating, air conditioning and
blinds. A central aspect of its comfort-
able use is the color-oriented control
concept. And thanks to its modular
structure, Busch-priOn can be individu-
ally adapted to the user’s needs = 1.

The availability of a wide variety of func-
tions provides real freedom to customize
individual needs. Lights, blinds, and con-
sumer electronics can be controlled indi-
vidually or integrated into complete “living
scenes.” This allows the desired back-
drop to be created at the touch of a but-
ton: The light is dimmed, blinds are closed
and one’s favorite music is played.
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1 Triple control element of the Busch-priOn®
control system

BUSCH-AEGER

The backlit colored symbols identify the
functional areas: lights (yellow), blinds (blue)
and living scene (magenta).

2 The control system of the Living Space® solutions is complemented
by easy-to-understand functional symbols.

The Busch-ComfortPanel® display

During the customer-oriented develop-
ment process of Busch-priOn and Busch-
ComfortPanel, simplicity and ease of use
were accorded top priority. In fact, the
idea was that users would not need a
manual to navigate through the panel’s
menu.

The central module consists of the Busch-
priOn, a 9cm (8.5 inch) high-resolution
thin-film transistor (TFT) graphic display
combined with a rotary control element.
The touch-screen display features a circu-
lar menu with specially designed icons
combined with clear text, showing the
eight functional areas that can be selected
with the rotary control element and acti-
vated with a push of a button = 2. A ring-
shaped, colored “aura” indicates at a
glance which functional area is currently

Thanks to its
modular struc-
ture, Busch-priOn
can be individu-
ally adapted to
the user’s needs.
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A red dot for Living Space

Busch-Jaeger’s innovative Living Space
platform also won the “red dot: communica-
tion design 2008” award. This virtual
presentation platform allows intelligent
building control technology to be explored
interactively. Using a virtual house outfitted
with Busch-Jaeger technologies, the user can
experience the advantages of the products.
The result is a sophisticated and aesthetic
room reflecting the special brand and design
philosophy of the company. This virtual
solution and experience world was presented
for the first time at the Light+Building 2008
fair in Frankfurt, Germany.

3 Winner of the “red dot: best of the best
2008” award

4 Busch-priOn’s color-oriented user-control
system utilizes four colors.
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Busch-priOn, the modular room control unit

for KNX-based building system technology.
Functions can be easily selected with the rotary
control element, whose colored aura indicates
the chosen function (here, blue for blinds).

Light

ﬁ\

Blinds <— —> Heating

Scene

Each color - yellow, blue, amber and
magenta - is logically assigned to a
different functional area.

activated = 3. Three different screen rep-
resentations are available, which can be
selected according to the user’s individual
taste.

Using an additional device — the so-called
media box — radio and video components
can be controlled as well. With the
Busch-ComfortPanel, the layout of a
house, including the location of the con-
trols, can be clearly depicted.

Each function can be quickly selected
and controlled. Individual lamps can be
controlled and dimmed directly. Shutters
and blinds can also be operated with the
rotary control element, and the tempera-
ture in the building can be set for each
room using the individual-room tempera-
ture-control function.

The rotary control element of Busch-pri-
On can be combined with or extended to
different modules. All control elements of
the system, including the TFT display,
feature a switch-selectable day and night

Busch-priOn uses
state-of-the-art
low-power
processor tech-
nology and an
advanced display
with LED
backlighting.

illumination that allows the level of bright-
ness to be adapted accordingly.

In addition, the control panel features
rocker switches, which can be used to
select freely programmable functions.
When the panel is deactivated, it works
like a regular switch triggering a pre-
defined primary function when the rotary
control element is touched.

Extra comfort and energy efficiency is
provided by an optional infrared receiver
and proximity sensor on the upper bor-
der strip of the Busch-priOn. This com-
bines design and function in an intelligent
way: When an occupant comes close, it
automatically activates the background
illumination of the room control unit. Sim-
ilarly, the lower cover strip can be com-
bined with a temperature sensor, so a
room-temperature controller is possible.

The winning feature: color

Busch-priOn and Busch-ComfortPanel
feature an intelligent, color-based user-
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control concept that color-codes each
functional area = 4. For example, all illu-
mination functions are identified by the
color yellow (symbolizing the sun and
brightness), heating functions are marked
amber (for warmth and comfort), the
blind control is labeled in blue (symbol-
izing coolness and the color of the sky),

applications from 60 countries, the red-
dot award is one of the largest design
competitions worldwide, and is a coveted
trophy as an internationally renowned sym-
bol of design quality in three areas: prod-
uct design, communication design and
design concept. The world-renowned rep-
utation of the award is ensured by a panel

of judges consist-

Busch-priOn and Busch-
ComfortPanel feature a
language-independent,
color-based user-control
concept that color-codes
each functional area.

and magenta — symbolizing extrava-
gance, theater and staging — is used for
light scenes. These codes are language
independent and can be internationally
understood. This feature can be comple-
mented by easy-to-understand functional
symbols, making any text labeling of the
user interface unnecessary.

The elegant, flat design of the control
panel matches any interior design style
and is available in glossy white, glass
white, glass black and stainless steel fin-
ish with a special anti-fingerprint coating.

The red-dot award

The innovative user-control concept of
Busch-priOn received the prestigious “red
dot: communication design 2008” award
at the end of 2008. With more than 10,000
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ing of internationally
recognized design-
ers and design ex-
perts from around
the world.

Judges examined
nearly 6,000 en-
tries from 39 coun-
tries for the com-
munication design
award. Of these,
only 38 submissions were awarded a
“red dot: best of the best” prize for par-
ticularly excellent design achievements.
The Busch-ComfortPanel and Busch-
priOn were among the winners, receiving
the award for their intuitive user-control
system - 3.

The supporting technology
Busch-priOn is based on a modular, indi-
vidually configurable support frame con-
cept. A sub-bus system ensures an energy
supply to the individual modules as well as
the data communication between the
modules. The system uses state-of-the-art
low-power processor technology and an
advanced display with LED backlighting.

Busch-priOn is suitable for private homes
as well as for functional buildings. The

fact that only a single flush-mounted box
is needed for each configuration, no mat-
ter whether a single or combined unit is
used, makes it particularly interesting for
refurbishment projects. All units are com-
patible with ABB Powernet® EIB/KNX
and ABB i-bus® EIB/KNX.

Electricians benefit from a fast and trou-
ble-free commissioning of Busch-priOn.
Not only is the programming procedure
well known, the programming can also be
stored on an SD card in the workshop
and then transferred into the system on-
site.

A device for efficiency

Busch-priOn is an advanced user-control
device for building-system technology
with an intuitive user-control concept
and numerous customizable functional-
ities, boasting technical innovation, ele-
gance and accessibility. And by carefully
controlling the lights and heating, the de-
vice is helping to increase energy effi-
ciency.

Parts of this article were previously published in
“Living Space,” ABB Review 4/2008, pages 11-14.
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A member of the ABB Group
Ludenscheid, Germany

bernhard.doerstel@de.abb.com
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Smart mobility

The present issue of ABB Review shows how ABB'’s innovations
and technologies are permitting the generation, transmission
and consumption of electric power to become more sustainable,
flexible and reliable. ABB’s involvement in transportation is not
limited to the grid, however. The next issue of ABB Review will
explore how the company is similarly bringing innovation to the
movement of people and goods.

A large part of this issue will look at ABB’s involvement in the rail
sector. Although ABB is not itself a train manufacturer, the
company supplies numerous vital components to the railway
industry. These range from traction motors through traction
transformers and converters to substations for the railway
power supply. Beyond this, the company is also active on the
service, maintenance and retrofit side of the rail business and so
plays an important part in upholding the reliability of its custom-
ers’ operations. ABB Review 2/2010 will look at some of the
company’s key technologies and the breakthroughs and show
how they are revolutionizing rail travel across the world. The rail
aspect will be rounded off by a history article celebrating some
of the achievements and inventions of ABB and its predecessor
companies from the early days of railway electrification to the
present day.

Besides railways, ABB Review will also look at some of the
company’s other involvements in making transportation more
sustainable. These range from a green breakthrough in the
marine sector to recharging the batteries of electric cars.
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Electricity generated by water, sun and wind is most abundant in remote areas
like mountains, deserts or far out at sea. ABB’s leading power and automation
technologies help renewable power reach about 70 million people by integrating
it into electrical grids, sometimes over vast distances. Our effort to harness
renewable energy is making power networks smarter, and helping to protect
the environment and fight climate change. www.abb.com/betterworld
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