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Abstract

During the last decade rapidly increasing interest has been shown in the re-
search, development, testing and implementation of a wide scope of activities
related to power systems changes. These are mostly serious activities based
on the assumption that analogy between power systems and information and
communication technology is fully valid. The approach could be beneficial
to a certain extent; however, if a number of crucial differences and facts
are not taken into consideration, it is possible that most of the promises for
the improved, commonly called “smart”, grid will remain wishful thinking.
Regarding the importance of the issues at stake, and the significant resources
mobilized, it seems reasonable to measure and balance this change. Practical
examples are showing that the whole effort is potentially more costly than
predicted, and without the expected benefits. Therefore, it seems that the work
on finding proper criteria, measurements, simulations, and optimizations of
power systems’ speed and depth of change must have priority before wider
implementation is commenced. This paper emphasizes the importance of a
more critical and analytically based approach to decide on how fast and to
what extent the improvement of power systems could be achieved with smart
grid transformation.
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1 Introduction

During the last decade, the idea of referring to power system infrastructure
transformation in a similar way as to the transformation of the infrastructure
in information and communication (ICT) has grown exponentially. The theor-
etical foundation has been expanded by research and development activities,
and first pilots and full scope implementations of certain elements of this
idea are starting to be realized. This whole idea is simply known as the
“smart grid”. This is certainly a very simple name which can have numerous
meanings, even seeming to imply that the existing power system is not smart
enough. However, the concept is more important than the name. We need to
know, how accurate and how valid it is to use an analogy with other infra-
structures, and how implementation should proceed in order to accomplish
more than has currently been achieved.

The idea is that a smart grid will be a more resilient, reliable, self-
balancing, and interactive network (i.e., more intelligent) which will enable
a higher level of efficiency, improved reliability and sustainable economical
development. Promises are also related to increased consumer choices, smal-
ler environmental impact and energy security. Even when those promises are
very broadly defined and may themselves be contradictory, nevertheless the
basic driving forces are solid and numerous.

The reasoning which leads to the idea of radical transformation in the
infrastructure of power systems includes multidimensional and layered issues
such as: the aging of vital equipment and critical workforce; rising capital,
labour and material cost; increased demand for energy (especially electri-
city); environmental awareness, including: global warming; rising energy
cost, and the related need for energy efficiency and conservation; security
concerns related to critical infrastructures; increasing innovations in tech-
nology and related consumer expectations; analogous with rapid changes in
other infrastructures like ICT [1].

It is clear that improvement and a radical change in power systems can
provide a broad range of solutions that optimize the addressing of some or
all mentioned challenges. In order to find an optimal approach for this sort
of effort one has to consider that not all stakeholders share the same views
and objectives, and that sometimes they are opposed. Therefore even if new
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technology is the primary means to realize these individual criteria, the final
solutions will certainly be very different depending on the specific power
systems conditions related to the existing infrastructure, market organization,
regulation, and stakeholders’ expectations [2–5].

This paper makes a case for a more critical approach to the introduction
of a smart grid with emphasis on simulations, testing and optimal solutions
implementation with speed and depth consideration. The following sections
describe elements related to the state of the smart grid development, suc-
cesses, problems, and approaches to optimize solutions and implementations.
Finally, this paper proposes an approach which will result in a better, quant-
itative simulation-based approach to the selection of speed and depth for the
smart grid implementation.

2 Smart Grid – Promises and Concerns

The above introduction has provided the basic motivation and expectations
believed to be accomplished by transforming power systems into smart grids.
Numerous activities are in progress related to different parts of the smart
grid. Those activities are related to basic research or pilot implementations of
certain elements.

In order to illustrate the level of complexities most important power
systems domains are identified and presented with major connections and
actors, as seen in Table 1 (based on the NIST Smart Grid Framework 1.0).
Complexity is visible even at this conceptual level, and considering numerous
issues related to each domain, it is clear that interoperability is an additional
critical issue. This complexity already exists, and it is not clear that smart grid
transformation will only reduce them. The importance of this question is not
only related to the level of fulfilled potential; it is even more important from
the economical justification aspect.

2.1 Smart Grid Promises

Usually benefits of the smart grid transformation are related to the economy,
environment, reliability and security. These benefits are distributed among
utilities and customers. In reality, there are other stakeholders, e.g. regulators
and society, and it is not always easy to precisely connect particular benefit
with the stakeholders as a whole.

It is believed that transformation towards a smart grid will provide benefit
to the ability of final users to control their consumption. This will allow them
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Table 1 Domains, networks, actors, and key elements for smart grid
Domains 1. 2. 3. 4. 5. 6. 7. Key elements/actors
1. Markets – I I Clearinghouse, Aggregator
2. Generation I – W I Generators, Control System
3. Transmission WS S SF W Data collector, Controller, Storage
4. Distribution FS – F F Field devices, Generation
5. Customer F P I I Meter, Appliances, Generation,

Storage, Electric vehicle
6. Service Prov. I # I Billing, Aggregator, Management
7. Operations I I W F I I & SCADA, Metering, Demand response,

WAMS, Asset Management
# – Utility & Third-Party
& – System, Transm. and Distrib.
I – Internet/e-Business
W/L/FAN – Wide/Local/Field Area Networks
S – Substation LAN
P – Premises Networks

to reduce their consumption, and to better distribute consumption during the
day. By reducing the peak load they will be able to pay less for the same
consumption due to the fact that it assists the whole system to perform more
efficiently [7].

Improved power systems will have higher reliability with so-called self-
healing capabilities, and better monitoring and maintenance [8, 9].

Ongoing transformation in the transportation sector is heading toward a
significant introduction of electrical vehicles. It is part of the smart grid to
accommodate this fact with the idea to make this transformation possible and
even beneficial to the power system. First, it is necessary to develop new
infrastructure with sufficient capacities, and second, it is possible to consider
numerous electrical vehicles as potential energy storage, and therefore as a
balancing factor [10]. This will also assist to increase new distributed energy
sources for intermittent renewable energy sources in the long run.

The power system is a critical infrastructure upon which other critical
infrastructures depend. This fact is considered with the work which has goal
to improve security by introduction of the smart grid [11, 12].

All the above and other aspects are related to the expectations which
are currently investigated by waste research and development, and with pilot
demonstration projects. Hundreds of millions of Euros are invested in order
to fund research, development and pilot applications across the world (in
Europe, USA, Japan, and China). The total investment will soon be measured
in billions of Euros.
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The question is how much smart grid transformation can really fulfil those
promises, how valuable all those solutions really are to different stakeholders,
and finally at which pace all those changes should be introduced?

2.2 Smart Grid Concerns

For each promise there are grounds to be concerned; it is remarkable in-
deed that this shows when smart grid transformation is considered both at
the general and specific levels. Several examples of potential concerns are
following.

The current level of reliability is not low as a rule, and further investments
are unjustified. Asset management and condition-based maintenance could
be improved by smart grid transformation. However, justification should be
made depending on the existing approaches, and particular power system
condition (age, etc.).

It is reasonable to accept the possibility that the security of the power
systems infrastructure might in fact be reduced by the introduction of a wide
range of IP addressable devices across the whole system [13–15]. Nowadays,
ICT in power systems is mainly closed inside the system, and the only pos-
sible threat is physical or by people working with the equipment. Additional
issues might be reduced privacy and potential misuse of customers data [16].

Possibilities to reduce consumption by conservation and efficiency are
reasonable, but in order to justify significant investments in the smart meters
this should be based on more precise quantitative assessment. This is im-
portant for both estimates of the total potential for such savings, and real
benefits for the control and adjustments in order to accommodate intermittent
renewable energy sources.

The fact is that different consumers have very different patterns of con-
sumption, varying depending on seasons (see Figure 1). Consumption curves
depend on the type of loads, and only some of them are potentially control-
lable. This means that the total amount of energy which it will be possible
to reduce or reallocate from the peak load could be too small to justify the
introduction of smart meters. It should be considered also that smart meters
are only part of the investment because a whole new system of operation and
maintenance has to be established, and all control for selected loads has to be
introduced.

The final concern is related to the following question: who should bear the
cost of this transition. Currently investments in research and pilots are mostly
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Figure 1 Daily power consumption illustration for industry and households

covered by public funding. Without assessing stakeholder benefits separately
it is not easy to make reasonable adjustments.

2.3 Measuring and Balancing Speed and Scope of Smart Grid
Transformation

The above-mentioned expectationss and concerns referring to the benefit of
the transformation of power systems towards a smart grid can be analyzed
at different levels. First, there is view at the highest level where cumulative
benefits for all stakeholders could be measured. This is the simplest approach
and it can be highly misleading because estimates are not based on simula-
tions or any other comprehensive quantitative analytical approach. However,
this is the main base for justification of the smart grid transformation invest-
ments [17–19]. Even at this level the first practical experience is not all that
promising due to higher costs and unrealized benefits.

A further approach would be to identify different stakeholders for this
benefit: society, customers, utility, regulator, etc., and then to analyze all
different benefits and conditions in order to evaluate optimal change.

Finally, new and better models should be created in order to simulate
not just certain conditions in the power system but also numerous scenarios,
states, customer behaviour, and intermittent renewable energy sources. This
simulation should include not just system dynamics, but also events, and
agent interactions. It is not necessarily that such a simulation platform integ-
rates all these different dimensions, but a connection between them must be
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established and results included. Only with such a comprehensive approach
will it be possible to measure and balance at what speed and depth the smart
grid transformation should proceed.

3 Conclusion

There is a strong agreement about the need and potential for power systems
transformation towards what is called a smart grid. Issues related to system
operation, customer choice, efficiency, conservation, distributed generation
penetration, and others could definitely be addressed much better with new
technology.

However, considering the longevity of major components of power sys-
tems, huge differences in the participation of different types of power sources,
and various market and regulatory solutions, it is clear that a number of dif-
ferent approaches is necessary. This is important both with regard to the time
and the depth of transformation needed.

It is pointed out in this paper that the regular approach to the feasibility
and justification of advanced implementation is not sufficient. Because of the
numerous scenarios and the stochastic nature of the way systems function,
it is necessary to analyze potential behaviour by simulation. These simula-
tions should be a combination of system dynamics, event driven and agent
based approaches. All these different approaches do not necessarily have to
be integrated. Relating them to the findings should be sufficient.
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