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Good morning Ladies and Gentlemen.
First of all I want to thank the ICF for the kind invitation to this Congress
and I will try to explain to you what is the point of view of the Electric Utility
related to the problems of quality, investments and expenses, which we
must combine with the competitive pressures and a regulated income.
During this presentation, we will speak about the components of the chain
of supply and some differences between incidents and blackouts of which
Mr. Manzoni has shown us some interesting examples, and we will focus
on the root causes and scopes.
Next we will wonder if we can avoid or reduce these kinds of interruptions.
And we will follow with the levers that the electric companies have to
improve them.
Not only do the electric companies provoke the interruptions, but there are
also many other agents who affect the quality, and we will review them.
Finally, we will reflect on the sustainability in the current framework.
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The components of the chain of supply

The chain of supply is a group of elements that allows the
electricity produced to equal the demand, thus satisfying the
needs of the customer.

Due to the characteristics of this product, the storage is not
possible, achieving the real equilibrium in any moment.

From a physical point of view, the chain is composed of thousands
thousands
of devices in which the electricity must pass through, that
normally we group as three different players:
•

Generation

•

Transmission

•

Distribution

We will start with some ideas about the chain of supply.
The chain of supply is the path which the electricity must pass from the
generator to the customer. It is the group of elements that allows the
electricity produced to be equal to the demand, thus satisfying the needs
of the customer at any moment.
Due to the characteristics of this product, the storage is not possible,
achieving the real equilibrium at any moment.
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The components of the chain of supply

CUSTOMER

TRANSMISSION
GENERATION

DISTRIBUTION

This idea is well known by all of you, but I think that it is good to refresh it.
From a physical point of view, the chain is composed of thousands of
devices in which the electricity must pass through, that normally we group
as three different players:
•Generation
•Transmission
•Distribution
And at the end of the chain we meet the customer, whose quality service
is the goal of the chain.
It is an old idea of the engineers, that the goal is the good performance of
the system (the chain), but nowadays we must change it.
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The components of the chain of supply
Generation, some characteristics
1.

Works in a competitive market

2.

There are a lot of different technologies, each has a different fixed and
variable cost. The bid that they must make is for their marginal cost of long
term production.

3.

The pressures of the market gives enough economic signals about the
opportunities to open new plants (or close).
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The beginning of all the product is the generation, that is the set of power
plants where the electricity is made.
Normally, it works in a competitive market, where we can find several
technologies, each one with a different fixed and variable cost. The
economic theory explains to us that these companies must bid for their
marginal cost in the long term.
The pressures of the market gives enough economic signals about the
opportunities to open, or close new plants
In these figures, we can see the shape of the offer that the companies
make, that only is affected by the prices (depending on the technology of
each power plant), and the demand that practically is independent of the
prices and changes with in time.
Merging these curves, we obtain the price for each moment in time.
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The components of the chain of supply
Transmission, some characteristics
(Spanish case)
1.

Works in a monopoly (natural and regulated).

2.

The transmission network is designed and operated with a security
security criteria,
approved by the
the Ministry of Economy.

3.

It is a sustainable business from an economic point of view, because
because each
device has an explicit retribution (investment, maintenance and operation).

4.

It is operated by an unique agent, although there exist many Transmission
Transmission
Companies –TransCoTransCo- (holder and maintenance companies) which
present their development proposals to the Administrations, and this
constitutes the Mandatory Planning.

The second player in the system is the transmission. Typically it is the part
of the network that has voltages over 220 kV.
It is commonly accepted as a natural monopoly, that as you know means
that the average costs are decreasing. Normally it is regulated.
The regulation of the transmission system consists of strong rules of
operation, based on criteria of security and reliability, approved by the
Government.
It is necessary that it is a sustainable business from an economic point of
view, and we reach it with an explicit retribution for each element such as
investment, maintenance and operation.
In the Spanish case, it is operated by a unique agent, although there exist
many transmission companies which present their development proposals
to the administrations, and this constitutes the Mandatory Planning.
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The components of the chain of supply
Distribution, some characteristics
(Spanish case)
1.

It is a regulated business.

2.

The distribution system is designed and operated with a security criteria,
approved by Distribution Companies (DisCo)

3.

There are some penalties for the Energy Not Supplied (ENS). This quantity
is explicit (approved for the Administration) and implicit (due to the
exaggerated answer from the social agents).

4.

The regulated income of this activity is based on:


The share of the market.



Increases of global demand (for all the country)



The efficiency factor (The relationship between average and marginal
marginal
cost). (Now it is 0.3, I.e, each new kWh in the market has only 30 % of
the average retribution. It only would be true in a over capacity
capacity market.

The last link of the chain of supply is the distribution.
It is the part of the chain closest to the customer, it is its natural contact,
and it is responsible for the mayor part of the problems that the customer
has.
In the mayor part of the countries it is a regulated business, although the
companies define the criteria of security and design.
The other side of this freedom is that the distribution company has some
penalties for the Energy Not Supplied (ENS). This quantity is explicitly
approved by the administration and implicitly due to the exaggerated
answer from the social agents.
This kind of companies can only have regulated income, which is based
on:
The share of the market.
Increases of global demand (for all the country)
The efficiency factor, that is the relationship between
average and marginal cost. Now, in Spain, it is 0.3, that
means that each new kWh in the market has only 30 % of
the average retribution. This would only be true in an over
capacity market.
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The components of the chain of supply
Stakeholders
Shareholders

Regulators
Staff

Customer

Pressure
Group

Capital
Market

Community

There are a lot of people giving opinions about the performances
and behavior of this sector

But the bigger problem of the distributions companies is that there are a
lot of people that give their opinions about the services, the answer and
the performance of the company.
Nobody gives opinions about the organization or the performance of Coca
Cola, for instance. However,
customer
shareholders,
regulators
staff ….. and all others that give in a lot of forums their opinions
about the solutions to the problems of the distribution companies.
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Some
Some differences
differences between
between an
an incident
incident and
and aa blackout
blackout

Both an incident and a blackout are interruptions in the electric
electric service.
An interruption is the cessation of service. Normally due to the failure of a
component of the chain of supply.
Depending on the topology of the system, the failure of an element
element can or
cannot provoke an interruption.
There may be a lot of causes that generate a failure, such as a wind storm,
animals, a traffic accident, … etc, all of these are external reasons. On
the other hand, some internal system failures can provoke it.

Once we have refreshed the role of the different players in the chain of
supply, we will pass to see the differences between an incident and a
blackout.
Both an incident and a blackout are interruptions in the electric service,
that aren't more than a cessation of the service. Normally due to the
failure of a component of the chain of supply, that we have seen.
Depending on the topology and the demand of the system, the failure of
an element can or cannot provoke an interruption.
There may be a lot of causes that generate a failure, such as a wind
storm, animals, a traffic accident, … and others, all of these are external
reasons.
On the other hand, some internal system failures can provoke them.
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Some
Some differences
differences between
between an
an incident
incident and
and aa blackout
blackout
A

blackout, normally affects a big area and a lot of customers

(a region

and about 200.000 homes).
The origin of the interruption is normally the insufficient capacity
capacity of the
generation system or transmission network. This problem could appear
appear
in normal exploitation or due to the failure of some elements (generation
(generation
group, lines, transformer,…
…etc) in the system.
transformer,
transformer,…etc)
It is very rare that this occurrence appears in normal exploitation,
exploitation, it would
only be possible with an unexpected increase in the demand.
In whichever case, there is a very small number of blackouts, although
although
each one has large consequences.

As Mr. Manzoni has explained before, a blackout normally affects a lot of
customers and a big area, for example a region of about 200.000 homes.
To achieve this size, the origin must be found in the generation or
transmission system due to the problems of capacity.
The problem could appear in normal exploitation or due to the failure of
some elements such as the generation group, lines, transformers,…or
whatever other thing.
It is very rare that this occurrence appears in normal exploitation, it would
only be possible with an unexpected increase in the demand.
In whichever case, there are a very small number of blackouts, although
each one has large consequences.
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Some differences between an incident
and a blackout

This set of photographs has been used by Mr. Manzoni before, but I think
that we can use them to clarify the possible size of a blackout.
In this photograph we can see the normal situation of Europe in the night.
We can find the light of Prague right in the center.
In particular this was the situation the night before the Italian blackout of
last year.
And only with a mouse click, or a fallen tree, we can change the European
overview.
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Some differences between an incident
and a blackout

And in this we can see the situation the day after.
Mr. Manzoni has shown us before the reason why this happened.
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Some
Some differences
differences between
between an
an incident
incident and
and aa blackout
blackout
An

incident

affects a reduced area of a few hundred or thousand

customers.
The origin of the interruption, is the same as in the last case (insufficient
capacity in normal exploitation or with contingency).
Due to the size of the problems, these occurrences originate in the
distribution network.
It is very usual to have one of these incidents, now that this part of the
system is very extensive and a big part of it has radial exploitation
exploitation (in
particular the MV & LV)
The consequences of these are, normally, very low, and the cost to avoid
them will be very high.

The second type of interruptions are the incidents.
Normally, an incident affects a reduced area of a few hundred or thousand
customers, for example some streets in a city.
Due to the size of the problems these must happen in the distribution
network.
It is quite usual to have one of these incidents, typically 1 or 2 per
customer and year.
The reason for this is that this part of the system is very extensive and big
and there are a lot of radial lines, in particular the MV & LV.
The consequences of these are normally very low and the cost to avoid
them will be very high due to the size.
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Some
Some differences
differences between
between an
an incident
incident and
and aa blackout
blackout

28/06/2004

ENRAMADILLA
A 30 MVA transformer, fault
in Seville´
´s center last
Seville
Seville´s
June (Enramadilla
(Enramadilla
Substation ), in the
moment of the demand
peak (historical
maximum). The incident
left 25.000 customers
without service.

Sevilla, 12 de Julio de 2004

In this photograph we can see the affected area of the incident that we
had in Seville last summer in the Enramadilla Substation, that is close to
the center of town.
In the moment of the demand peak, a transformer of 30 Mega Watts fell
down, leaving twenty five thousand customers without service in some
streets.
The red area shows us the scope of the feeders affected. By fortune my
house is on the other side of the river. A big part of the center of Seville
was out of electricity for about 90 minutes.

Quality Service vs. Regulated Income – Angel Arcos – page 85

Can
Can we
we avoid
avoid the
the interruptions
interruptions in
in the
the
supply
supply of
of electricity?
electricity?

NO
It is impossible to have zero risk of interruptions
In Spanish we say ““Riesgo
Riesgo cero de cero (1) ”
(1) In some occasion, in Spanish we refer to a black out as zero (0 voltage , 0 intensity)

Now that we have seen the type of interruptions, we can wonder if we can
avoid them.
The question that we ask ourselves is:
Can we avoid the interruptions in the supply of electricity?
And the answer is absolutely No!
It is impossible to have zero risk of interruptions.
In Spanish we say “Riesgo cero de cero”.
That means zero risk of interruptions, because we use in Spanish the
word zero when we have an interruption with 0 voltage and 0 intensity.
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Can
Can we
we reduce
reduce them?
them?

YES
An interruption in the supply which is produced in the
electric system, depends on three factors:


The rate of failure.



The time to restore service.



The level of reserves of the network

Once we know that we must live with the interruptions of the service, or
that the perpetual continuity of the service is not possible with the actual
technology, we as responsible managers must wonder if it is possible to
reduce the frequency of the interruptions or, at least, its scope.
The question that we ask ourselves in this occasion is:
Can we reduce them?
And the answer is absolutely YES!
An interruption in the supply depends on three factors:
The rate of failure.
The time to restore service.
The level of reserves of the network
All the actions that we can make that reduce the two first and increase the
last one, will contribute to avoid the interruptions, improving the quality of
service.
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DISTRIBUCIÓN
Electric
utility´s levers
RATE OF
FAILURE

MAINTENACE
POLICIES

RECOVER TIME

OPERATIN

REDUNDANCY

NETWORK
DEVELOPMENT

AUTOMATION

The quality of service and the number of incidents, of
course, depend on these three parameters
hr

ENS = E ( ER) =

Rf * RT
* ( D(t ) − Pf )dt
EXPENSES
8760 ∫0

INVESTMENTS
Ene rgía en
riesgo

Capacidad
Norma l
Pf: Capacidad Má xima con fallo
(N-1)

In this moment, we can search in the state of the art technology, what kind
of actions we can make to improve the quality of service.
This set of actions, we are going to name “levers”, because they are the
tools which we can use to improve the service for our customers.
As we have said, there are three factors that we must watch in order to
improve the quality of service, using these, we can explain the quality of
service as a mathematical hope to have Energy Not Supplied.
The rate of failure is the probability that each element has to fail, but this
failure will not have any consequences if we have enough redundancy
(level of reserve) at least in the network system.
The combination of the two first parameters gives us the number of
situations without service that we will have.
The last parameter, the time to restore, will give the duration of each
incident.
And using this model we can simulate the behavior of the network.
In the figure, we can see the curve of charge and the total capacity of the
network and the capacity below the worst failure.
The energy at risk is the area of the triangle that is over the second line, if
we multiply it by the probability, we obtain the Energy Not Supplied.
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DISTRIBUCIÓN
Electric
utility´s levers.

RATE OF
FAILURE

MAINTENANCE
POLICIES

RECOVER TIME

OPERATION

AUTOMATION

REDUNDANCY

NETWORK
DEVELOPMENT

EXPENSES

To improve these parameters, we can findINVESTMENTS
at least four
levers to do it.
hr

Tf * DMF
EDS = E ( ER) =
* ∫ ( D(t ) − Pf )dt
8760
0

To improve these parameters, we can find at least four levers to do it.
We can reduce the rate of failure, and this way the probability, applying
more intensive policies of maintenance.
To reduce the recover time, we can increase the level of automation of the
network in HV and MV or to increase the number of technicians that are
operating the installations or both.
The economical point of view will tell us what is the optimal combination of
these two factors (the old economics problem between labor and capital).
At the end, to increase the level of redundancies, we only can develop the
network increasing its capacity (the total and under contingency).
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DISTRIBUCIÓN
Electric
utility´s levers

RATE OF
FAILURE

MAINTENANCE
POLICIES

RECOVER TIME

OPERATION

EXPENSES

REDUNDANCY

AUTOMATION

NETWORK
DEVELOPMENT

INVESTMENTS

But in the end, all of the levers translate to the
consumption of resources of the Company.

All the levers that we have seen have a translation in OPEX or CAPEX,
and so the companies must dedicate a lot of resources and efforts to find
the optimal level and combinations of levers.
The great challenge is to find out How much and How.
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DISTRIBUCIÓN
Electric
utility´s levers

RATE OF
FAILURE

RECOVER TIME

MAINTENANCE
POLICIES

OPERATION

AUTOMATION

EXPENSES

NETWORK
DEVELOPMENT

INVESTMENTS

hr

EDS = E ( ER) =

REDUNDANCY

Tf * DMF
* ∫ ( D(t ) − Pf )dt
8760
0

Ene rgía en
riesgo

Capacidad
Norma l
Pf: Capacidad Máxima con fallo
(N-1)

In this slide we can see the complete model with all the parameters and
levers.
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Other agents which help us

CAUSE BY GOD.

Not only the performance of the electric devices can generate an incident.
We have a lot of friends and situations that help us.
They are caused by:
God.
Unforeseeable situations.
Other actors.
In several occasions, there are occurrences, which have an important
impact in the installations such as:
-Fires, as we can see in the photograph.
-Flooding
-Hurricane.
-Earthquake
-And a lot more…
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Other agents which help us

UNFORESEEABLE
SITUATIONS

The natural world can be very aggressive with the installations.
We can find all the situations that you can imagine.
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Other agents which help us
OTHER ACTORS.

THE DISTRIBUTION APPEARS TO BE
RESPONSIBLE
And in some occasions with strong environmental protection
problems, even knowing the problem and the solution, we cannot
solve it.
In the photograph, we can see the problems that we have with the
stork nest, that provoke a lot of incidents in the overhead lines, in
particular in the South West area.
Independently whatever the reasons, the distribution company
appears as responsible in the eyes of the customer.
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Sustainability of the Company
In order to improve the levers that we know that
have a important impact on the quality of the
service, and to avoid the effect that other agents
could have in the supply, the Company needs a big
amount of resources (practically unlimited needs).

On the other hand, we have stockholders who
require a reasonable return on their investment.

At this point of the presentation, all of us know what are the characteristics
of the incident, and how we can avoid it. Now we are going to see if we
have enough resources to achieve an adequate level of quality.
It is really difficult to find the balance between the interest of the owners of
the company and the customers, normally represented by the Regulator.
To give satisfaction to the customers, we have seen that we must dedicate
a big amount of money, while the satisfaction of the stockholder is based
on a level of sufficient profit. In the middle, we find the Regulator who must
fix the tariff that permits reasonable performance of the system.
Although we have seen that there are a lot of agents that give opinions, at
the end these two are the most relevant forces.
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Sustainability of the Company

In Spain, as in the major part of the DisCo in the world,
the income is regulated and is calculated with this
formula:

⎡ ⎛ IPCn − Xn ⎞⎤
Rn = Rn − 1 * ⎢1 + ⎜
⎟⎥ * [1 + (∆Dn * FE )]
⎠⎦
⎣ ⎝ 100
And each Company has a fixed share for historical
reasons and some theoretic retribution models

In the Spanish case, the regulated income is obtained through the formula
that we can see in the figure.
This expression gives us the total income of all the distribution companies,
while the income of each one is calculated with a fixed share.
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Sustainability of the Company
Evolución Punta Prevista H2011 vs. Actual
Andalucía - Extrem.
Y Cataluña (MW)

Aragón (MW)
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... Moreover the increases of the demand in each area are
not symmetric.

The problem is that not all the areas have the same characteristic.
The demand increases and the profile of customers are not the same.
In the figure we can see that in the south area (see the brown line), the
actual level of the demand is over the official forecast for 2010, without
extra retributions to attend this particularity.
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Sustainability of the Company

Not all are incomes, we have to face penalties if the
quality of service is not adequate.
Per customer indexes
Urban zone
Medium-urban zone
Concentrated rural zone
Dispersed rural zone

Hours of
interruption
4
8
12
16

Number of
interruptions
8
12
15
20

The total penalty that the Company must pay to the
customer is five times the tariff, always when the
quality is over the fixed thresholds.

Moreover, the distribution companies have to pay penalties, if we give
quality service that is worse than what the regulator thinks is the optimal
for each kind of area.
And if we cannot verify it, we must pay five times the tariff.
Nowadays, with the available resources the distribution business is not
sustainable in the long term….
… our obligations and restrictions are higher than the income…
… and consequently, if we were an independent company, nobody would
want to invest in us…
… and this will have a bad impact in the welfare of the society.
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Sustainability of the Company
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Anyway, the quality of service is higher than we would be
able to expect….

But anyway, we work in a centenary business, and we think in the long
term. For this reason our quality is higher than what we would expect with
our actual level of income.
And we will follow trying to improve our companies in order to give the
best service to the society at minimum cost.
And, once again, thank you a lot for this opportunity to share with you
these ideas about the current situation of the distribution business in the
framework of the investments opportunities.
Of course, I am available for all your comments or suggestions and here is
my e-mail: aarcos@endesa.es. Thank you!
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