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he trend for grid management
Tis towards larger utilities, with
owners, authorities and cus-
tomers making heavy demands in terms
of return on investment, efficiency,
health, the environment, safety and qual-
ity. Typical characteristics include more
stringent internal quality requirements,
demands by the authorities for better
documentation and reporting, and an
increasing need for specialist evaluation
to be documented and justified to man-
agement and decision-makers.
Utilities are, therefore, faced with
important choices when it comes to pri-

oritizing grid refurbishment, replace-
ment, maintenance, and fault correction.
The need for a holistic approach and
more reliable decision support is now a
reality in achieving desired goals.

In the present situation, this is not
easy to implement in practice. It is still
common that important information is
only available in manual archives or only
available as “silent” knowledge in the
heads of experienced employees. A typi-
cal situation is meters of shelving with
ring binders containing forms covering
several years of line inspections, backed
up by employees who remember where

there have been problems. This type of
knowledge could previously be used to
make decisions at the local level, without
much thought being given to the overall
picture and main priorities at the utility
level.

The challenge now is to use this type
of information as a basis for making
decisions taking into account the overall
picture for the whole utility.
Replacement of a line will not be appro-
priate if there are other needs which
should be given higher priority.
Furthermore, other changes are under-
way, with a new generation of employees
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replacing those with long years of service and extensive local
grid knowledge. Younger project managers and technical per-
sonnel will be much more dependent on formalized informa-
tion, as they do not have a corresponding background and local
knowledge.

This article describes a concept to deal with the challenges
described above. Currently, utilities should benefit from
investments in key information systems, such as Network
Information Systems (NIS), systems for Enterprise Resource
Planning (ERP) and Customer Information Systems (CIS).
Such systems have been available for many years and much
effort has been put into data collection and data conversion
from self-developed proprietary data systems. The situation
today is characterized by key systems offering high perfor-
mance functionality and vast amounts of information. The
challenge is now to utilize the available information.

APPLICATION AREAS THAT REQUIRE COMPREHENSIVE
GRID EVALUATION
Decision makers will need to rely upon different kinds of
information, depending on what kind of decision is to be
made. Typical situations are:
— Development of long-term maintenance plans
— Short-term plans for corrective maintenance
— Plans for refurbishment and replacements
— Dealing with current technical problems
— Grid dimensioning based on different prognoses
— Ensuring proper security level for employees and public
— Dealing with environmental issues
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— Meeting requirements from authorities

— Satisfying needs and demands from customers

These different situations require different kinds of infor-
mation, which might be found in different kinds of data sys-
tems. Furthermore, decision-makers will definitely need to dif-
ferentiate the importance of the data involved. There is no sin-
gle answer to such questions, and each of the utilities will have
to establish rules based upon utility philosophy, preferences,
and availability and quality of information.

Maintenance and renewal

Decisions regarding maintenance and renewal play an
important role for most utilities due to the fact that the average
age of assets has become considerably high. Furthermore, the
need for short-term cost reductions will often dictate strategies
and solutions where little attention is paid to long-term conse-
quences. A considerable amount of information needs to be
taken into account when making such decisions. Typical needs
for information are:

* Asset state and failures from condition monitoring and
inspections

* Component age

» Component types

* Results from technical calculations

* Economic data such as historical maintenance costs

* Results from LCC analysis

* Cost benefit from different actions to be taken

Authority requirements

There are several authority requirements that must be met,
such as annual inspections of components in the distribution
network. Information from such inspections is often important
when making decisions. Other authority requirements are
upgrading or replacement of different technical solutions that
are motivated by safety reasons. The time frame and impor-
tance of different authority requirements might be differentiat-
ed and the number of actions to be taken will often be exten-
sive. This means that prioritizations must be made, involving
complex decisions.

Technical requirements

Technical calculations are necessary to verify that current
grid complies with existing regulations and to ensure optimum
operation of the grid system. This includes load flow analysis
to determine voltage drop, thermal load limits of cables and
lines, transformer loads, etc. Further calculations must be per-
formed for a period of time, normally 30 years, where future
development of energy and power demand is estimated.
Assumptions regarding demographic development, industry
developments, etc, must be defined and taken into account.

Customer satisfaction

Customer vulnerability is very diversified with respect to
interruptions, voltage fluctuations, etc.

For example, customer satisfaction based on complaints
should be recorded and related to the occurrence of undesir-
able events. Availability of historical data for customer satis-
faction could be useful for understanding trends in frequency
and duration of both notified and non-notified interruptions.

Further, it may be of interest to analyze fault statistics,
such as weather conditions and technical causes, to find out
more about problem causes.
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Personnel safety

An immediate menace to life, health,
environment and safety should initiate
immediate action.

However, not all observations call
for immediate action as this could easily
cause suboptimization.

It is, therefore, important to record
such information and coordinate with
other relevant information and use this to
make the right decisions. Component
information, such as age and type, will
often be used to identify areas where
safety needs to be improved.

Economic issues

Economic data is needed to under-
stand how investments should be differ-
entiated in the different components of
the grid system. Both data describing
labor expenses, asset investments, cost of
losses and interruption costs must be
taken into account. Furthermore, data
describing planned investments and
planned maintenance will be needed.

Environment/esthetics

It is necessary to evaluate environ-
mental consequences. This implies both
potential pollution problems and esthetic
aspects. Public fear and uncertainty sur-
rounding areas such as electromagnetic
influence should be represented. This
could, for example, determine the use of
cable instead of line when crossing resi-
dential areas. Esthetic aspects could also
motivate a similar conclusion.

METHODOLOGY
Low-voltage network structuring

A low-voltage cable network usually
consists of the following components:
LV distribution busbar, feeders, distribu-
tion pillars and service lines. In our
model, the substation itself, the MV
switchgear and the distribution trans-
formers are also regarded as components
of the “low-voltage” network.

It’s important to note that not every
single item is analyzed. In the model, all
similar items, e.g. all service lines, are
analyzed as one average “component”.

Low-level indicators

For each component in the low-
voltage network, a set of low-level indi-
cators is defined.

— Technical indicators comprise
technical solution, age, technical condi-
tion (percentage value based on condi-
tion monitoring), degree of utilization,
etc.

[13%4]
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Figure 1 Example of a low-voltage cable network

— Economical indicators comprise
historical investment costs, operational
costs, maintenance costs, etc.

Most of the input parameters come
from load flow analyses, short-circuit
calculations and reliability calculations
in the Network Information System

3 states are based on a traffic light analo-
gy (Red, Yellow, Green), with a 4th
White state added for inadequate input
data. By following such a methodology
the decision-maker may have a uniform
and consistent analysis of all components
in the entire network.

Table 1 Categorization of low-level indicators in one out of 4 possible states

Table 2 Examples of low-level indicators for a transformer

(NIS). In addition, information like type,
age, etc, and parameters for the technical
condition, recorded failures and their
consequences coming from the comput-
erized maintenance management system
(CMMS) are important parts of the
analysis.

One of the main practical problems
is to compare quantitative parameters
(with different scales) with qualitative
parameters. On way to overcome this
obstacle is to transform each selected
parameter into 1 out of 3 possible states
by comparing the parameter value to a
pre-defined set of criteria. It is important
that these criteria are strongly related to
the utility’s philosophy and strategy. The

Component indicators

Each component in the network has
several low-level indicators, and to be
able to make a total assessment of each
component, the indicators have to be
aggregated to one component indicator.

The indicator for component “i”” can
be calculated based on all its low-level
indicators “j” by the following formula:

Relative weighting of the low-level
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These different low-level indicators
may have varying importance (weight)
when assessing the actual component.
The weighting can be based on a subjec-
tive assessment. Another, more formal,
weighting principle may be based on
e.g. the Analytical Hierarchy Process
(AHP) method. The type of customers
connected to the network may also influ-
ence the weighting of the indicators, e.g.
the availability or outage time is much
more important in an industrial/service
area than in a residential/farming area.

Relative weighting of the four possi-
ble states

Based on an intuitive assumption
that “red” indicators are more important
that “yellow” and “green”, the four
states have been given different relative
weight (white indicators are not includ-
ed, and have ?White = 0).

The main purpose of aggregating
low-level indicators to the component

Table 3 Results presentation examples from the prototype

level before they are aggregated to the
low-voltage network level is the possibil-
ity to separately assess similar compo-
nents throughout the system, e.g. to com-
pare component indicators for all the dis-
tribution transformers in the entire net-
work, and to analyze whether the same
components most often cause the “bad”
indicators.

Low-voltage network indicators
The low-voltage network indicator
is, in addition to the component indica-

The following advertisement is for our Spanish readers

tors, calculated based on a set of indica-
tors with aggregated values for the LV
network:

— Technical indicators comprise net-
work losses, lowest voltage, number of
outages per year, annual outage time,
annual outage cost, etc.

— Health, environment and safety
indicators comprise safety, noise prob-
lems, esthetics, etc.

— Other indicators comprise demo-
graphic information, customer -cate-
gories, etc.

THERMOELECTRIC GENERATORS FOR SALE

Comision Federal de Electricidad a través de la Gerencia Regional de Produccion Norte, ubicada en la
Ciudad de Monterrey, Nuevo Leodn, México, tiene a la venta en su totalidad o en partes una Central
Termoeléctrica, compuesta por 6 TURBOGENERADORES y EQUIPO COMPLEMENTARIO; con las sigu-
ientes caracteristicas y valor de venta de estos bienes:

» Unidad 1, Turbina de Vapor Mca. General Electric: cap. 75000 kw, opera con combustdleo o gas, cuenta
con equipo auxiliar y refacciones, entr6 en operacion el 15 de julio de 1965, con un valor de venta de
$79'355,272.00 pesos mexicanos ($7,300,000.00 USdlls)

» Unidad 2, Turbina de Vapor Mca. General Electric: cap. 75000 kw, opera con combustéleo o gas, cuenta
con equipo auxiliar y refacciones, entré en operacion el 11 de febrero de 1964, con valor de venta de
$ 69'417,458.00 pesos mexicanos ($6,400,000.00 USdlls)

» Unidad 3, Turbina de Vapor Mca. General Electric: cap. 75000 kw, opera con combustdleo o gas, cuenta
con equipo auxiliar y refacciones, entré en operacion el 22 de julio de 1963, con valor de venta de
$ 75'601,458.00 pesos mexicanos ($6,950,000.00 USdlls)

» Unidad 4, Turbina de Vapor Mca. Escher Wyss Oerlikon: cap. 84000 kw, opera con combustéleo o gas,
cuenta con equipo auxiliar y refacciones, entré en operacion el 01 de abril de 1973, con valor de venta de
$ 97'733,295.00 pesos mexicanos ($8,950,000.00 USdlls)

» Unidad 5, Turbina de Vapor Mca. Escher Wyss Oerlikon: cap. 84000 kw, opera con combustoleo o gas,
cuenta con equipo auxiliar y refacciones, entré en operacion el 20 de abril de 1973, con valor de venta de
$ 96'721,054.00 pesos mexicanos ($8,850,000.00 USdlls)

» Unidad 6, Turbina de Vapor Mca. Mitsubishi tipo Tandem Compound TAP-TBR: cap. 84000 kw, opera con
combustoleo o gas, cuenta con equipo auxiliar y refacciones, entrd en operacion el 25 de abril de 1971,
con valor de venta de $ 105'478,390.00 pesos mexicanos ($9,650,000.00 USdlls) y

» Equipo Complementario.

Para mas informacién, comunicarse con el Ing. José Manuel Martinez Basterra, Jefe de la Unidad de
Enajenacion de Bienes Muebles, a los teléfonos en México: (525) 552 29 44 00 exts. 7839, 7906 y
7907, correo electréonico jose.martinez21@cfe.gob.mx 6 consultar el portal de CFE en la direccién
electronica siguiente: http://www.cfe.gob.mx/es/NegociosConCFE/ventadebienes/muebles/
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The low-voltage network indicators
can be calculated using a formula similar
to that on page 35. As with the weighting
of low-level indicators, different compo-
nents may have different importance
(weight) in the network. The weighting
principle can be based on the replace-
ment cost for each component. This can
be justified by the fact that the alternative
to overall renewal of the LV network is
replacement of faulty or overloaded com-
ponents. Also, for the low-voltage net-
work, the weighting principle may be
based on the Analytical Hierarchy
Process method. Table 3 presents exam-
ples of result presentation from the pro-
totype.

<Average>

The result from the <Average> cal-
culations gives a “Green” indicator for
this LV-network. In addition to the over-
all indicator, a weighted percentage value
for each of the states White, Green,
Yellow and Red is calculated. By inspect-
ing these values, the decision-maker can
find that an overall “green” network still
may have potential “red” problems. For
this particular network, the result shows
that 9% of the indicators are “White”
(data missing), 72% are “Green”, 5% are
“Yellow” and 14% are “Red”. The
detailed results for the different compo-
nents show that it is only the feeders that
are not “Green”.

<Worst case>

In addition to the overall weighted
average, the prototype also gives the pos-
sibility to calculate and present aggregat-
ed indicators where information about
the worst low-level indicators is main-
tained. The result from the <Worst case>
calculation shows that 33% of the low-
level indicators (1 out of 3 indicators
with equal weight) for the feeders are
“Red”, which results in the 14% “Red”
for the whole low-voltage network.
Notice that in this case the color of the
worst-case indicator is presented as the
network indicator.

In this example the results are pre-
sented for only one low-voltage network.
However, the prototype can simultane-
ously calculate indicators for all low-
voltage networks the user selects.

Presentation of low-voltage network
indicators in NIS/GIS

The one single weighted indicator
representing the state of the entire low-
voltage network indicators can be pre-

sented in the NIS/GIS (Graphical
Information System). Figure 2 shows the
results from an analysis in the prototype.
The lines represent the medium-voltage
network, while each dot (located at the
geographical position of the sub-station)
represents the low-voltage network indi-
cators. In this grey-scale figure dark grey
= Red, grey = Green, light grey = Yellow
and white = White. This kind of graphi-
cal presentation may give the decision-

Figure 2 Example of visualization of indica-

tors in a network

maker an indication on geographical
areas with several “bad” low-voltage net-
works.

It is impossible to have an exact and
perfect large-scale utility asset manage-
ment model. The real challenge is, there-
fore, to establish a model that is not so
complex that it cannot be implemented,
but still complex enough to present
results that are “good enough”, although
not “optimized”.

Maynard Keynes once stated: “It is
better to be roughly right than precisely
wrong”. Using high-precision values in
the result presentation only gives the
impression that the calculations also are
very precise, which they are not.

It is therefore emphasized, as the
name implies, that the indicators only
give an indication of current problem
areas, or areas where future problems are
most likely to occur. For the “Red” and
“Yellow” low-voltage networks more
detailed analyses must be carried out in
order to identify the actual problems and
the proper solutions.

INFORMATION AVAILABILITY
Currently, most utilities have estab-
lished systems for documentation of

assets, including geographical informa-
tion. In a modern NIS (Network
Information System), asset information
is integrated with geographical informa-
tion, network topology, maintenance
information, making considerable
amounts of information available for
users within various levels of the organi-
zation.
The trend seems to move from inte-
gration between several stand-alone
applications towards fewer integrated
solutions where NIS (Network
Information System), ERP
(Enterprise Resource Planning), CIS
(Customer Information System) and
SCADA are the core systems. The
advantage of few core systems in this
context is that information is made
easily available to those who need
data to make decisions. Stand-alone
applications may seem advantageous
when just looking at the need for
information for specific tasks, e.g.
applications for recording data when
doing line or substation inspections.
However, such information is far
more valuable if it is possible to relate
this information to other relevant grid
data such as results from network cal-
culations and historical maintenance
costs.

CONCILUSION
Traditionally, most of the mainte-
nance and renewal planning and deci-
sion-making have been carried out in
local departments, where in-depth
knowledge about the condition of the
network was background for many
important decisions. Due to centraliza-
tion, more of the planning and decision-
making is transferred to central offices
where the planners do not have a similar
local knowledge about the network con-
dition. Furthermore, decisions now have
to be made upon a broader set of infor-
mation, including economical data, tech-
nical analysis, environmental and safety
data. Therefore, making decisions now
has to be based on “formal knowledge”
stored in different information systems.
Distribution networks are character-
ized by a large number of geographically
dispersed components, and the opportu-
nities for decision-makers to get detailed
information about the network is limited.
This fact calls for a methodology to help
decision-makers in screening the entire
network to decide what is likely to be the
most cost-effective solution for mainte-
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nance and renewal.
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