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Abstract: The development of the regional electric power industry has come to the forefront due
to the changing scale, quality, and configuration of electric power infrastructure, and the spread of
distributed generation. This gives rise to more stringent requirements regarding the reliability, safety,
and environmental impact of electric power supply. This article aims to justify a package of methods
that make it possible to identify and minimize investment, production, financial, and environmental
risks in order to ensure sustainable development of the regional electric power industry that performs
anti-crisis functions, and of individual energy companies. The key method to be employed is
integrated resource planning (IRP). As a part of the method, energy conservation, renewable energy
sources, and combined heat and power production are considered as equally valid ways of meeting
future demand. The authors have designed a methodology for taking into account uncertainty
and risk when implementing IRP. The methodology includes analysis of scenarios and decision
making processes by calculating past and projected values of profit indicators. When conducting
the environmental and economic assessment of an investment project in the electric power industry,
the authors suggest using an aggregate indicator of environmental and economic effectiveness that is
calculated on the basis of a combination of locally significant positive and negative environmental
and economic impacts of the project. The authors formulate conceptual provisions that serve as
the foundation for a promising model of the regional electric power industry and which contain
recommendations for managing the development of the industry while minimizing organizational,
market, and technological risks.
Keywords: regional electric power industry; energy policy; integrated resource planning; risk
management; environmental and economic assessment; technology modernization

1. Introduction
Regional electric power industry consists of various types of distributed generation installations that
are located in the closest possible proximity to consumers, as well as of power transmission facilities of
the region. The regional electric power industry typically includes small and medium-sized co-generation
units (CHP plants)—with their capacity ranging from less than 10 to less than 100 megawatts—as well
as unconventional renewable energy sources of various types: small hydroelectric power plants, wind
turbines, solar energy, biomass installations, etc. [1].
Studies into the problem of risk management in the course of the development of electric
power industry are usually area-specific. In this context, the main goal is the reduction of risks
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during the process of energy supply planning and development of regional energy infrastructure
programs. Some studies look at issues associated with the reduction of risks in the logistics and siting
of new power generation installations [2–4]; electrification of remote areas [5–9]; environmental
efficiency [10,11]; information security and cybersecurity [12,13]; and investment provisions of
overhaul and technological upgrade of power installations [14,15].
The most comprehensive approach can be found in [16,17]. They describe the regional electric
power industry that forms “critical energy infrastructure” as a complex system with appropriate
emergent behavior. The key task of risk management is to maintain the system’s balance, ensuring its
safety by identifying weak signals and prevention of force majeure. The “complexity” of the systems
stems not only from its architecture, in which stakeholders with various groups of interests interact,
but also from the presence of innovative and all too often competing energy technologies [18,19].
This gives rise to the task of multicriteria optimization in line with investment, technological, and
environmental criteria.
A special group of risks to the development of the regional electric power industry are risks
associated with energy companies’ and major producers’ activity on energy markets and formation of
appropriate behavior strategies [20–23]. The authors of [20] say, for example, that the key task is to
reduce the risks of faced by suppliers operating on the wholesale and retail electricity market because
price volatility, demand uncertainty, and imperfect mechanisms of bidding are directly linked to the
worsening of the investment climate in the region’s electric power industry. The authors suggest
solving the problem by having a system of risk control in place.
Compared to other individual methods that various authors employ for studying the problems
in the field (the spectrum of research is rather broad, including the creation of early threat detection
systems, maps (profiles) of risks; corporate information systems; various mathematical algorithms, etc.),
the mechanisms of regional energy policy play the role of an institutional solution that, among other
things, help reduce industry-specific risks. This includes the creation of effective administration and
management of communications among authorities, energy companies, consumers, energy suppliers,
and financial and legal institutions. The mechanism is outlined in [24–26].
In general, one has to note that the key trend in the development of the electric power industry is
taking shape under the influence of factors with essential degree of uncertainty. Among them are the
pace of economic growth or economic decline, demand for energy, investment constraints, and prices
of fossil and nuclear fuels. In such conditions, the focus on the construction of large power plants might
result in recurring local crises in some regions of the country marked by capacity shortages, volatile
electricity and heat prices, and irrational use of fuel and energy resources. These are the direct effects of
a contradiction between the probabilistic assessment of the above mentioned factors and the economic
inertia of the grid industry. Under these conditions, the search for optimal proportions between
the introduction of distributed power systems based on small generation (solar, wind, biofuels) and
large scale power generation taking into account investment and technological risks begins to gain
in importance.
Primary importance, therefore, goes to the task of minimization of not only local operational
risks [27–29], but first and foremost to strategic risks [1] that impact on the infrastructural preparedness
of the region to the introduction of new organizational, technological, and architectural solutions.
The configuration of the electric power industry is changing so fast and at such a large scale that it is
necessary to design special methods of mitigation of such risks and their integration into a unified
system. This determines the relevance and tasks of this research that seeks to design a comprehensive
approach to the assessment and management of risks to the sustainable development of the regional
electric power industry and individual energy companies.
2. Materials and Methods
The authors used a mix of scientific methods for carrying out an in-depth analysis of the electric
power industry and development trends in the structure of the energy program of a region. During the
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minimization of the environmental impact along the entire chain of power generation [45–50]. The
relevance of the latter task has to do with the fact that the energy sector is the major source of
greenhouse gas emissions (Figure 2) and plays a major role in human impact on the environment.
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Figure 3. Conceptual framework for energy policy development based on [53,54].
Figure 3. Conceptual framework for energy policy development based on [53,54].
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The authors’ analysis of IRP method application [51,55–60] shows that it is beneficial for all
parties concerned: energy companies, consumers of electricity and heat, and the region (Table 2).
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generating capacities). It is noteworthy that the difference in expenditures is the economic basis
of IRP and a balance of interests of main participants in the energy market.
The authors’ analysis of IRP method application [51,55–60] shows that it is beneficial for all parties
concerned: energy companies, consumers of electricity and heat, and the region (Table 2).
Table 2. Positive effects of implementation of an IRP for interested parties.
Entity

Positive Effects

•
Energy company

•

•
Consumers

•

Region

•
•

Lower risk of investing in new costly generating capacity amid high
uncertainty about demand for energy.
Higher sustainability, flexibility, and adaptability of energy systems
thanks to involvement of additional resources—energy conservation in
the first place and renewable energy sources (RES).
More reliable power supply of higher quality at lower tariffs for
consumed energy.
Additional technical and financial opportunities of access to advanced
energy efficient technologies.
Greater energy self-sufficiency (security).
Overall economic improvement.

In the context of IRP, this shifts the focus to power supply services and the expansion of
the network of independent smaller producers and energy saving capacity rather than to power
generation. It has to be noted that the entire system of relations between parties involved is
undergoing transformation.
For example, electricity producers are moving exclusively to the wholesale market, ending
business with end users and low-consumption organizations. This enables them to focus entirely on
increasing output and implementing a more effective investment program for finding and adopting
new solutions and technologies. Intermediaries work directly with households and smaller customers,
undertaking the obligation to offer a wide range of prices and terms and conditions and to create
a competitive environment. End users, for their part, get the opportunity to set the development
scenarios, being guided by the competitive behavior of intermediaries and plans for infrastructure and
industry development that can be found in the public domain.
This structure, on the one hand, delineates the functions and areas of the business, and, on the
other hand, plays an integratory role for the entire process. Thus, the method allows for optimizing the
energy resources in a comprehensive manner: at the level of transmission, distribution, and provision
of energy services to end-users.
The authors have designed a methodology for factoring uncertainty and risks in integrated
resource planning. The methodology recognizes relationships between the specific features of the
industry and corresponding specific features of risk management. The first phase of the proposed
approach is identification of characteristics typical of an industry. In the electric power sector, the list
of such characteristics includes:

•
•
•

ensuring uninterrupted electricity production,
ensuring constant access to the resource for all business actors, and
rational accounting of the impact of power supply on the region’s development.

The second important phase of uncertainty analysis is identification and distribution of the
characteristics described above according to the types of risk. As IRP combines finance and production,
the same is done in application to risk.
The third phase envisages integration of the risk and probability of occurrence of a hazardous
event. This is the principal difference of the proposed approach from the traditional model, which treats

Sustainability 2017, 9, 2201

7 of 14

risk occurrence in production separately from risk occurrence in finance. The IRP method produces
an integrated profile of risks and probabilities of hazardous events and creates its own system of
measuring, accounting for and control over current operations at every level of the business process.
In the fourth phase, it is necessary to evaluate potential benefits for the project in case a hazard is
avoided. Usually, qualitative and quantitative assessment of potential damage is conducted alongside
the assessment of the probability of hazard occurrence [61]. In the suggested approach, the monetary
Sustainability
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The authors suggest that potential benefit should be calculated as a difference between the sum
total of the costs of eliminating the consequences of the hazard and the costs of having safeguards for
preventing the occurrence of the hazard and all its consequences.
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The authors suggest that potential benefit should be calculated as a difference between the sum
total of the costs of eliminating the consequences of the hazard and the costs of having safeguards for
preventing the occurrence of the hazard and all its consequences.
PB =

m

n

k

i =1

i =1

i =1

∑ C3 − ∑ C2 − ∑ C1

(1)

where C3 is the cost of the system recovery to its intended state after unwanted consequences have
happened, expressed in currency units; m is the number of consequences that need to be rectified after
the hazard; C2 is the cost of having a safeguard for reducing the scale of the consequence, expressed
in currency units; n is the total number of safeguards for reducing the scale of the consequences; C1
is the cost of the safeguard for reducing the likelihood of the occurrence of the hazard, expressed in
currency units; k is the total number of barriers for reducing the likelihood of the occurrence of the
unintended event.
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PB is calculated and recorded regardless of the occurrence of the risk event and
ve or a positive outcome. This creates a database and a system of measures,
3.3. Assessment of Environmental and Economic Effectiveness
errors that serve as the basis for making more balanced decisions and forming
hods for future events.

of Investment Projects in the Electric Power Sector

Any project that envisages qualitative and quantitative structural shifts in the regional electric
power
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Environmental and Economic Effectiveness
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Projects
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that envisages qualitative
and quantitative
structural
shifts in the To
regional
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do that,
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Moreover,
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costs
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impacts take
(external
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supply
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el
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Consequently, the basic principles of investment project evaluation in the energy sector are
the following:

pproach to accounting for positive effects and negative consequences of investment
ementation.
1.
An integral approach to accounting for positive effects and negative consequences of investment
ic and environmental components of costs and benefits should be treated equally.
projectcomponent
implementation.
t possible to convert the environmental
into an economic category.
ted approach to accounting
the time
factor in the
economic
and environmental
2. forThe
economic
and
environmental
components of costs and benefits should be treated equally.
of benefits and costs.

This makes it possible to convert the environmental component into an economic category.
for the time factor in the economic and environmental

is proposed to be used for assessing the environmental and economic effectiveness
3.
A differentiated approach to accounting
an investment project aimed at upgrading a regional electric power facility, Eee,
ferentiated discount factors: components of benefits and costs.

Eee =

k
n
1

 ( Beni
t =1 (1 + ren )t i =1

n
k
1
 ( Bel i − Cel to
− CEquation
) be used for assessing the environmental and economic effectiveness of
(2) is proposed
en i ) + 
i
t =1 (1 + r )t i =1
el
(2) at upgrading a regional electric power facility, Eee , making
implementing
an
investment
project
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k
n
k
n
1
1

 Cen i + 
 Cel
i
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factors:
t =1 (1 + ren
t =1 (1 + rel )t i =discount
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1
)t i =of

k including the
n target
positive economic outcomes—various components of income,
∑ (1 +1r expressed
t ∑ ( Beni − Ceni )
of the project, and a set of concomitant beneficial economic results,
in
)
en i =1
t =1
Eeethe
=prevented
Beli are positive environmental outcomes, including
environmental
k
n
1
atmospheric air, water, land resources, expressed in currency units;
∑ C(en
i rare)t ∑ Ceni
1
+
en
1
hat represent a sum of financial expenditures and utilized materials,t=
required
for i =1
mentation (economic costs) and the value of the lost profit expressed in currency
cost of the entire combination of all negative environmental consequences of the

mental damage to the atmospheric air, water, land resources, caused by the project,
ency units; n is the total number of consequences; t is the number years from which
and outcomes are discounted back to the starting year of the project (1 ≤ t ≤ k).

k

n
1
t ∑ ( Bel i
(
1
+
r
)
el i =1
t =1
k
n
∑ (1 +1r )t ∑ Cel i
el i =1
t =1

+ ∑
+

− Cel i )
(2)
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where Beni are positive economic outcomes—various components of income, including the target
economic result of the project, and a set of concomitant beneficial economic results, expressed in
currency units; Bel i are positive environmental outcomes, including the prevented environmental
damage to the atmospheric air, water, land resources, expressed in currency units; Ceni are additional
costs that represent a sum of financial expenditures and utilized materials, required for the
project implementation (economic costs) and the value of the lost profit expressed in currency
units; Cel i is the cost of the entire combination of all negative environmental consequences of the
project—environmental damage to the atmospheric air, water, land resources, caused by the project,
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machine building industry—demand-side management on the part of major energy companies;
Cluster two: distributed generation installations with uneven load schedules are ‘assigned’ to
electricity-non-intensive consumers, for example in the utilities sector or agriculture.

Power plants belonging to the second cluster should offer a lower cost of service to its consumers
than power plants in the first cluster. This creates conditions for minimizing parameters of power
supply in terms of cost and time along with a reduction in prices charged to all groups of consumers
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Cluster two: distributed generation installations with uneven load schedules are ‘assigned’ to
electricity-non-intensive consumers, for example in the utilities sector or agriculture.

Power plants belonging to the second cluster should offer a lower cost of service to its consumers
than power plants in the first cluster. This creates conditions for minimizing parameters of power
supply in terms of cost and time along with a reduction in prices charged to all groups of consumers
(considering the economic advantages of distributed generation installations). Price optimization at
a regional level is done by the technological operator of the UES by distributing the load among power
plants in cluster one. System reliability and power supply reliability is ensured by the power plants in
cluster one together with grids at a minimum (possibly regulated) cost for all consumers in the region
Sustainability
2017, 9, 2201
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of
the
energy
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as
engaging
regional
energy
companies
in
efficient
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use
efforts,
priorities of the energy policy as engaging regional energy companies in efficient energy use efforts,
creating competition in the regional industry, and attracting investments in the electric power
creating
competition in the regional industry, and attracting investments in the electric power industry
industry undergoing modernization. These priorities form a set of the main elements of the
undergoing modernization. These priorities form a set of the main elements of the motivational
motivational mechanism, among which the most relevant are [1,9,67,69]:
mechanism, among which the most relevant are [1,9,67,69]:

•
•
•

•

•

•

Guidelines standardizing the characteristics of new and renovated combined heat and power

Guidelines
standardizing the characteristics of new and renovated combined heat and power
plants (CHP);
plants
(CHP);
•
Tax
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and priorities
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•
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Use of
accelerated
depreciation
forcapital
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•
Encouraging energy efficiency and reduction of operating costs by setting target volumes of
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necessary gross revenue (NGR) and by using the method of NGR distribution that takes into
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the
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•
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and by
heat
prices;savings from
energy efficiency
measures.
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advisable
to have
targeted tax
incentives
in place
that
Stimulation
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and
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to
if
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and heat as part of demand side management programs, for example, by sharing savings from
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energy efficiency measures. It is also advisable to have targeted tax incentives in place that
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comprehensive
the above proposals
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and
energy
companies
would
be entitledthe
to implementation
if they invest inofrationalizing
the energy
infrastructure
more
effective
the
result
will
be.
of consumers.
4. Conclusions
The authors have designed a promising organizational model for the electric power industry of
a large region. The study substantiates anti-crisis (stabilizing) functions of regional electric power
industry that ensures prompt introduction into service of generating capacity and maximum
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Naturally, the more comprehensive the implementation of the above proposals is, the faster and
more effective the result will be.
4. Conclusions
The authors have designed a promising organizational model for the electric power industry
of a large region. The study substantiates anti-crisis (stabilizing) functions of regional electric
power industry that ensures prompt introduction into service of generating capacity and maximum
effectiveness of energy resource utilization, maintains high reliability of power supply, and reduces
price risks for consumers.
It is proposed to consider the regional energy policy as an institutional instrument for reducing
risks when managing the development of the regional electric power industry. Regional energy policy
contains a system of measures aimed at preventing the occurrence of negative endogenic and exogenic
factors and forms of energy crisis that determine a mix of tools to be used for mitigation of relevant
risks. In this regard, the authors prove that the basic tool of energy policy is the IRP method, which
makes it possible to manage the risk problem in a complex systemic way. This comes to the fore due to
the qualitative transformation of energy infrastructure (distributed generation, smart environments,
production, transport, and logistics systems).
The authors suggest that a combination of methods should be used when analyzing uncertainty
and risks in the integrated resource planning process. By integrating various risk events into one
whole by means of a combination of the qualitative and quantitative methods, it will be possible to
expand the planning horizon and optimize investment projects.
The basic principles and phases of conducting integral assessment of the environmental and
economic effectiveness of investment projects in the electric power industry have been formulated.
Given the difficulty of detecting all emerging external effects, the authors suggest using a simplified
approach that takes into account positive and negative effects of the highest importance to the region
where the project is implemented.
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