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AN ECOLOGICAL-ECONOMIC CONVERGENCE: TRANSITION TO SUSTAINABLE ENERGY

Sustainable energy development is complex challenge, so only complex decisions and approaches could be possible to implement
in the most efficient way. There is still open question — what is the optimal volume of new energy resources using to support sustainable
development and environment safety for any state of the world. Article deals with the availability of convergence to serve for the more
effective usage of analytic and system approaches for modeling ecological-economic spillovers in the case of transition to sustainable
energy. The economic effects of sustainable energy transition are considered. The analysis of dynamic of energy consumption in the
scale of different type of resources during 1820-2030 years depicted the situation of complicated analysis of "economy-energy-
environment” linkage. It arises the agenda of necessity to implement complex approaches for modeling and forecasting of new energy
systems development. Different types of models and techniques to analyze economy-energy systems are listed and compared.
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Introduction. Energy conservation and energy efficiency
become a priority areas of energy policy in increasing
number of countries, due to shortage of fuel and energy,
increased anthropogenic impact on the environment,
inadequate own stocks of resources and the increasing need
for them. World economic standard of the previous century
was the continuous and rapid growth in production and
consumption, primarily due to the organic nature of energy —
oil, natural gas and coal. Despite annual growth investments
in R&D of renewable energy, it is likely that global energy
demand will be satisfied mainly by traditional sources.

Minimizing adverse effects of the energy processes on
the environment, along with providing energy security, the
development of competitive energy market became bases
of the energy policy of the European countries. Mitigating
environmental impact of energy activities challenging, yet
creates new opportunities.

WORLD ENERGY OUTLOOK 2012 FACTSHEET give
some answers and challenges "How will global energy
markets evolve to 2035?", some of them are following:

1) Taking all new developments and policies into
account, the world is still failing to put the global energy
system onto a more sustainable path.

2) Emerging economies drive global energy markets.

3) Energy subsidies are essential to the growth in
renewable energy, especially in the power sector, as many
renewable resources are still more expensive than
conventional sources.

Status of new and renewable energy production is
under consideration as on the level of scientists [1-4] but
mainly on the level of policy makers (local and international
policy) [5-7]. There is strong believe that increasing the part
of the renewable energy resources will led states to the
sustainable economic development. There are increasing
number of literature, publications and releases that prove
and provide evidence for positive economic effect of new
energy era [3-4, 8]. However, all of them remark that the
transferring to such energy usage is mostly expensive, and
not so rapid and appropriate for every state [9-10]. More
and more reports claim that developed countries can easily
to change their system of energy consumption — that really
increases  their environment security, = economic
development. But for most developing states, countries
under transition such new energy programme is no budget,
and even happen not same spillovers are considered.
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There is evidence that some states become "greener" at
the expense of other mostly less developed states.

The challenge is to find out that exact optimal point under
which the defined exact portion of different energy sources
be used and will led to equal, maximum positive effect for all
states over the world — so it will be optimum for the Earth
needs. Such the optimum energy resource consumption
point that would provide the most economic development
and the less ecological pollution — is not found yet, and
studies devoted to such research are still in shortage.

The main aim of this paper is to consider possibilities
of analytic and calculative approaches to be implemented
for ecologic-economic spillovers modeling in the case of
transition to sustainable energy, and for the search of
optimum point mentioned latter.

An ecological-economic convergence. The idea of con-
vergence in economics (also sometimes known as the catch-
up effect) is the hypothesis that poorer economies' per capita
incomes will tend to grow at faster rates than richer economies
[11]. As a result, all economies should eventually converge in
terms of per capita income. Similar concept could be imple-
mented for the convergence of environmental standards. Same
definition can be transferred on the ecological-economic contra-
diction: less-environmentally friendly economies per capita
emissions will tend to grow at slower rates than richer econo-
mies. As a result: all economies should eventually converge in
terms of "green economy" and energy consumption. But the
opposite side of this coin: race to bottom.

The exact place where convergence principals appear —
ecological problems of modern world have the economic ap-
proach in their basis. So without convergence of knowledge
between economic theories, modeling approach and ecology
it's fully impossible to calculate any environmental costs in
their real complex scale (especially at the international level).

What we knew before? And what we know nowadays?
Conception of the economic process treats the economy as
an independent, self-regulating and self-sustaining system
whose productivity and growth are not seriously constrained
by the environment (Fig 1.). Expansionists treat the economy
as an open, growing, independent system which, because of
technological Innovation, lacks any fundamentally important
connectedness to the 'environment' (which is therefore treated
as infinite). Ecological economists argue that conventional
economic development models are responsible for, or at least
aggravate, the sustainability crisis [10].
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Fig. 1. Linkage "economy-energy-environment"
Source: authorial computation
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The first step toward understanding this interpretation
is to recognize that despite all our modern gadgetry, hu-
man beings remain ecological entities. Ecological eco-
nomics sees the economy as an open, growing, wholly
dependent subsystem of a materially-closed, non-
growing, finite, ecosphere [10].

According to the environmental economics, an envi-
ronmental resource deserves economic treatment only if it
is 'relatively scarce' and is capable of generating utility to

D 7

the individuals whereas. The ecological economics treats
almost all the ecological resources as equally important in
their analysis, irrespective of whether a resource is 'eco-
nomically' scarce or not. The utility-based approach in the
environmental economics is that the resources should be
protected for improving the welfare of the individuals [12].

Economic mechanism of environmental regulation —
complex multi-level relationships between entities them-
selves and with the parent bodies (Fig. 2).

Fig. 2. The Ecological (Steady-State) Perspective
Source: authorial computation

The connecting arm of this relationship should become
an environmental audit (EA) and economic-environmental
modeling (EEM) — tools that include organizational and
economic factors of environmental protection [9, 13, 14].

The application of such approaches to energy sector
lets to consider and estimate in details the various energy-
using activities within each demand sector, charting their
volume and physical energy intensities over time [9, 15].
These approaches pay particular attention to maximizing
energy efficiency through the use of best available tech-
nologies. So, we have solid provement to use only conver-

gence approach for the assessment of energy balances,
energy policies and its forecasting.

Transition to sustainable energy: dynamics and
trends. Renewable energy has become quite topical, and it
is gradually being realized that our energy future, if it is to
be sustainable, lies in that direction [16].

Figure 3 and 4 show the development of energy con-
sumption over time. How history is cycling?! We have
moved from renewable energy (biomass, mostly wood) to
fossil fuels (first coal, then oil, then the present move to
natural gas), and appear to be moving back to a mix of
renewable energy technologies [16].

Total Liquids Consumption

18000,0

16000,0

{Includes oil, biofuels, gas-to-liquids
and coal-to-liquids)

=@ T otal Matural Gas Consumption

14000,0 _

we==T otal Coal Consumption

12000,0

10000,0

80000

i T otal MUclear Energy Consumption

50000

4000,0

2000,0

=T otal Hydroelectricity Consumption

=T otal Renewables Consumption

0.0 I =

=Total Energy Consumption

1980 1895 2000 2005 2010 2011

2015 2020 2025 2030

{Includes wind power, solar
electricity and other renewables)

Fig. 3. World Consumption of Energy (1990-2030), million tonnes oil equivalent
Source: authorial computation on the base of date from BP Energy Outlook 2030:
January 2013 (http://www.bp.com/energyoutlook2030)
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Fig. 4. Per capita world energy consumption, calculated by dividing world energy consumption by population estimates,

based on Angus Maddison data.
Source: authorial computation on the base of date available at:
http://ourfiniteworld.com/2012/03/12/world-energy-consumption-since-1820-in-charts/

Figure 4 demonstrates a small jump about the time of
World War | and then a huge jerk of growth between World
War Il and 1970. There is also a new jump of growth in
new millennium as a result of growing coal usage in Asia.
Both charts show long-term changes in energy consump-
tion, and together with some observations could be helpful
to calculate impacts and spillovers. For example, if we look
at the dynamic of CO, emissions over the world — there is

straight increasing tendency, despite any transfer to new
energy resources (fig. 5), so we can assume that the temp
of changing energy sources is too slow to impact the envi-
ronmental pollution. So the future steps should be directed
on calculation and modeling appropriate optimum speed of
sustainable energy transfer over the world to support sus-
tainable ecological safety.
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Fig. 5. World Carbon Dioxide Emissions (1965-2011), million tonnes carbon dioxide
Source: authorial computation on the base of date from BP Statistical Review of World Energy June 2012
(http://www.bp.com/statisticalreview)

Convergence of approaches: models, methods,
calculation techniques. The main challenge for forecast-
ing and modeling our energy future is in diversity of energy
resources (known already and supposed to be discovered
or implemented in technology), so the diversity of models
could be in need for the approaching the aim (Fig. 6).
However, the diversity does not led to the optimal decision
on the level of the world needs. The challenge is in devel-
oping one complex converged model equally available for
different implementations in any state.

However, ways to achieve the sustainable energy
goals are often mutually contradictory. This makes the task
of strategic planning of the energy sector complex, which
requires finding acceptable compromises. High capital in-
tensity of energy facilities and environmental risks that are
inherent, the total inertia of energy, its social importance,
coupled with predominantly low energy efficiency of indus-
trial production necessitated the search for the optimal
scenario. To determine the best combination of economic

and energy sectors special economic and mathematical
models are proposed to use [1, 18] (fig. 7).

The feasibility of using economic and mathematical
models due to their possibility to determine relationships
and dependencies between different elements of the sys-
tem that otherwise would have remained not identified,
determine the impact of external factors on the system,
analysis of alternatives development. The complexity of
real processes prevents their perfect expression in the
model. Such simplification and limitation, possible inaccu-
racies on certain parameters, on the other hand — any un-
predictable events of real life, of course, can reduce the
reliability of the model. However, the use of models should
rather be viewed not as a search for clear answers for de-
cision-making, but as a way to study the processes that
occur in the system. Often the information and experience
gained during the construction and operation of the model
is much more important than the direct results of model
calculations. However, the optimum point is still not found.
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Fig. 6. Diversity of approaches and levels used to calculate energy demand and supply model.
Source: [17].
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Fig. 7. Special economic and mathematical models for estimating and modeling of ecological-economic energy processes.
Source: authorial computation

Spectrum of economic-mathematical models in energy
is quite broad [15, 18-19], and the term energy modeling is
quite common:

» models of energy systems detail links within the en-
ergy sector, disaggregated range of energy, full set of
processing technologies and energy consumption.

» typical energy-economic model considers the com-
plete economy, resulting representation of the energy sec-
tor in somewhat simplistic way.

> based on expert values cross price elasticity model
calculates the point of market equilibrium factors of production.

» energy-efficient models mainly are used for assess
the impact of energy policy on the economy and vice versa.

» in models of energy systems all technologies de-
scribe a set of parameters — such as price, operating costs,
operational lifetime and payback period, availability, per-
formance, and others. In fact, the technology represents
the process of energy product transformation.

» energy linear programming model is used as for the
development of the production programs of individual en-
ergy complex, as for long-term planning of national power
system. The inclusion in models only linear equations
guarantees the existence of absolute optimum.
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» the use of nonlinear models can be achieved by
displaying a more complex relationship in a system, how-
ever, unlike linear optimization, the absolute optimum ex-
ists only under the condition that the objective function and
constraints are convex.

» to determine the required capacity of the new en-
ergy facility sometimes conduct an analysis of energy dur-
ing the peak of the system — static optimization model. This
type of models examines the state of the system at a par-
ticular moment, ignoring changes in system time.

» in quasi-dynamic models the whole time horizon is
divided into successive periods, not necessarily equal to
each other, the solution of the optimization problem for the
first period becomes the initial information for the second
time period, and so far for all subsequent periods. In con-
trast, dynamic models have the function that covers the en-
tire horizon, i.e. the optimization problem immediately works
for the whole period. As a result, the initial information for
quasi-dynamic model is the current state of the system,

FPartia equlibrium e

while working with a dynamic model requires a clear under-
standing of the possible future changes of the system.

Identification of this methodological approach (models
sighted above) is as a "bottom-up" because the final deci-
sion is taken after the model analysis of economic processes
at the micro level, in other words — technological changes at
the level of final consumers of energy. This approach is used
to determine the optimal strategy of providing energy ser-
vices to national and international levels [18].

All the above models are parametric — they are mainly
used for medium and long-term modeling of the energy
system, the structure and parameters of which may change
over time. Input data for these models is official statistics
and expert opinions of the researchers. All these feature
minimize the uniformity of such models' implementation.

Models of energy systems can be in their turn di-
vided into partial equilibrium models and fixed demand
models (fig. 8.)

» energy-efficient mocels
= caloulate the price of eqe-gy through supply and demand, that
demand fo- enargy 15 Inversely dependent on the price cf it

*level of demand for useful energy is determined by “he ressacher
and later does not changa

Fig.8. Types of models of energy systems.
Source: authorial computation on the base of [15, 18]

In preparing short-term forecasts often econometric
models are used along with parametric. The basis of this
approach is the assumption that existing in the past the
trend average correlation has not changed over time. On
the basis of statistical time series analysis statistical de-
pendences and trends are established and retrospective
adjustment statistics are assessed.

On the other hand, not always every energy model can
be strictly categorized, and have the characteristics of dif-
ferent classes of models.

Conclusions. We came in the epoch of the end of
technoutopia — we understand that further economic and
production development will destroy general system of
human being, if we will not develop environmentally benign
technologies [20].

Statistic and expert estimations [17] prove that a fully
renewable global energy system is possible: we can reach
a 95% sustainably sourced energy supply by 2050. To
achieve this goal we need to combine all known ap-
proaches and use their convergence effects: accelerated
renewable energy supply from all possible sources. This
requires a paradigm shift towards long-term, integrated
strategies and will not be met with small, incremental
changes [20]. We have to consider the efficiency and major
advantages of renewable energy:

e Little or no pollution or greenhouse gases (i.e. envi-
ronmental sustainability);

o Available now and forever (i.e. supply sustainability);

e No increasing fuel costs (price stability);

e Low concentrations available worldwide (unlike e.g.
present oil concentration in the Middle East, thus improving
supply security);

e Potential for development of indigenous energy in-
dustry, with associated jobs (since renewable energy
needn't be on the scale of fossil energy technology, and
thus the exclusive domain of countries with heavy manu-
facturing capability).

The challenges for this transition to a sustainable en-
ergy future include:

e The cost of renewable energy is generally higher than
fossil fuels;

e Renewable energy comes in relatively low concentra-
tions;

e A large capital investment required globally to make
the transition;

e New infrastructure (e.g. transmission lines) is required
e Limited time to make the transition (see below)

e Insufficient global energy governance to effectively
manage the transition.

Establish an integrated and closed system (indicators)
of energy security should be based on the performance of
the previous analysis of the processes that occur in the
production, supply, distribution and consumption of energy
in a country, as well as actual and potential threats to en-
ergy security. These threats should be considered in the
context of reducing protection of vital interests of the peo-
ple, businesses, municipalities and regions of the country
as a whole at the moment and for the foreseeable future.
These indicators can be both quantitative and qualitative
characteristics of the definition for each indicator boundary
change intervals within which it is believed that threats to
energy security is minimal or zero. Only economic-
modeling approach have enough tools to mix qualitative
and quantative features of the energy process without any
subjective approach. Today we have to consider the devel-
oping of a new model or a new mathematical algorithm that
provide further application implementation. Thus, sustain-
able energy development is complex challenge, so only
complex decisions and approaches could be possible to
implement in the most efficient way.
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EKONOIro-EKOHOMIYHA KOHBEPIEHLUIA: NEPEXIQ OO CTIMKOI EHEPTETUKU

Cmanuli eHep2zemu4HuUli pO38UMOK € CK/TaOHUM 3a80aHHSAM, MaK Wo MiflbKU KOMMJEeKCHI pieHHs1 i Nidxo0u MoxXsueo peasizyeamu Halb6inbw
eghekmueHUM YUHOM. 3anuwiaemscsi HeaupiweHUM NMUMaHHS, — IKUM Mae 6ymu onmumarsnbHuli 06¢csi2 eUKOpucmaHHs1 Hogux i eidomux eHepaope-
cypcie dns 3abe3nedeHHss ma nNiOGmMpPUMKU cmasio2o0 po3sumKy ma ekoJsio2iyHoi 6e3neku Onsi 6ydb-sikoi depxxaeu ceimy. Cmamms npucesiyeHa
aHanisy KoHeepzeHuii @ acrnekmi 6inbw egheKMUBHO20 BUKOPUCMAHHS aHanimMuyHoO20 ma cucmeMHo20 rnioxody Onsi MoOesllo8aHHSI €KOJ/1020-
eKOHOMIYHUX 308HiWHix egpekmie npu nepexodi do cmiiikoi eHepzemuku. Po3ansdarombcsi eKOHOMIYHI Hacnidku makoz2o nepexody. [fpoeodumbcs
aHaniz OuHamiKu eHepa20cCroXxueaHHs1 8 po3pi3i pi3HUX munie eHepaopecypcie 3a nepiod 1820-2030 pokie. Pesynbmam nidmeepdue HeobxidHicmb
KOMIJIEKCHO20 aHasi3y 383Ky "eKOHOMika — eHepaemuka — 0oeKinnsa". Bkpali akmyanbHUM 6a4umbcsi Heo6xiOHicmb enpoeadXeHHs1 KOMIIIEKCHUX
nidxodie Ansi Modesit08aHHSI Ma MPO2HO3yE8aHHSI PO38UMKY HOBUX eHepaemuy4Hux cucmem. [TpoeedeHo nopieHsNbHUL aHani3 pi3Hux murnie mode-
nel i Memodie aHani3y eKOHOMiKo-eHep2emu4YHUX cucmem.

Knroyoei cnoea: cnoxueaHHsi eHepzii; KOHeep2eHUisi; Moderni; eHep2opecypcu.

I'. XapnamoBa, kKaHA. 3KOH. HayK, AoL,.
KHY nmenu Tapac LLeBueHko, Kues

3KONOro-aKOHOMUYECKAA KOHBEPTEHLUA: NEPEXOA K YCTONYUBOW SHEPTETUKE

Ycmolidueoe 3Hepzemuyveckoe pazsumue siesisiemcsi CIOXKHOU 3adayveli, maK 4mo MOJIbKO KOMIUIEKCHbIE peweHuUsi U noo0xo0bl 803MOXHO
peanu3zoeams Haubonee aghghekmueHbiM o6pazom. Ocmaemcsi HepeweHHbIM 80MPOC, — KakUM GosmKkeH 6bImb onMuMasbHbIl 06beM UCNOob308a-
HUs1 HOBbIX U U38€CMHbIX 3HEep2opecypcoe Oss1 obecrievyeHus U MoO0epPXKKU ycmoliyueo20 pa3eumusi u 3kosio2udeckoli 6esonacHocmu 0nsi o6o-
20 2ocydapcmea mupa. Cmambsi nocesiwjeHa aHanu3y KoHeepaeHyuu e acrnekme 6osnee aghgheKmueHo20 UCMONIb308aHUSI aHaIUMU4ecKo20 U cuc-
memHo20 nodxoda 0511 MoOeslupo8aHUsl IKO/1020-9KOHOMUYECKUX 8HEWHUX 3ghghekmos npu nepexode K ycmoul4usol aHepaemuke. Paccmampu-
s8aromcsi IKoHoMu4eckue rnocsedcmeusi makoz2o nepexoda. [fpoeodumcsi aHanu3 GuHaMuKu 3Hep2onompebrieHus1 8 pa3pese Pas3u4dHbIX MUMNoe
3Hepzaopecypcos 3a nepuod 1820-2030 2odos. Pe3ynbmam nodmeepdusi He06Xx00UMOCMb KOMIMJIEKCHO20 aHasu3a cesi3u "3KOHOMUKa — 3Hepze-
muka — okpyxarowasi cpeda”. Kpaline akmyanbHbiM eudumcsi Heo6xodumMocmb 8HeOPEHUsI KOMIIIEKCHbIX Mo0xodoe A71s1 ModesiupoeaHusi U npo-
2HO3UpOBaHUs pa3sumusi HO8bIX IHep2emuYyeckux cucmem. lpoeedeH cpasHUMENbHbIU aHanu3 pas3nu4yHbIX munoe modeneii u Memodos aHanu3a
3KOHOMUKO-3Hep2emu4ecKux cucmem.

Knioqeenie cnoea: [TompebrieHue aHepauu; KOHeep2eHYusi; Modesu; 3Hep20pPecypchbl.
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COMPARATIVE ANALYSIS OF THE KEY FACTORS OF GROWTH
OF STATE DEBT OF UKRAINE AND EU

Based on research results, economical-statistical model was developed aimed to exhibit the connection between the gov-
ernment debt and major economic factors, namely: gross capital formation, household consumption and credits granted to the
residents. After the statistical data of European countries had been examined, the peculiarities of debt formation were elicited in
each of them. As a result, the relation between the type of economy and factors of debt formation was outlined.

Keywords: Government debt; government borrowing; capital formation; consumption of the population; lending to the economy.

Introduction

In the world of total globalization the development of
the international financial system is notable for a significant
increase in external government debt in different countries
that by estimations has exceeded 30 ftrillion dollars [1].
Government borrowing is now an integral part of the finan-
cial systems of most countries in the world, as well as an
effective institution in the mechanism of macroeconomic

regulation and a tool for implementation of an economic
strategy of a country. However, the use of debt instruments
for the purpose of overcoming nonrecurring deficit and so-
cial issues transfers the payment of the debt to a future
period without considering the state budget potential.

In this context there is a need, on the one hand, to
identify factors that lead to the external debt growth in dif-
ferent countries, while on the other hand, to clarify the
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