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ENERGY PERFORMANCE CERTIFICATES (EPCS) FOR THE
BUILDING SECTOR: EU AND THE NETHERLANDS
EXPERIENCES

KEYNOTE SPEAKER

Dr. Ogenis Brilhante

Head of the Green city and Infrastructure
group at IHS/EUR

Introduction

The building sector is one of the three largest urban consumers of
energy and natural resources in EU. Heating and cooling are the building
activities that consume more energy. Most of the energy in the building is
lost via the walls (33%) followed by roofs (25%) and windows (20%)
www.themeanings.com.

Under the Kyoto protocol of 1997, the country members of the
European Union were required to make greenhouse gas reductions of 8%, i.e.
to reduce its annual emissions by 330 million tonnes by 2012
www.ihs.nl/eco-switch-asia.

As part of the effort to promote sustainability the European Union (EU)
and comply with the Kyoto protocol, EU and its 28 member states designated
the building energy sector as a priority sector to try to reduce GHGs and
energy consumption.

In 2002, EU approved the Energy Performance of Buildings Directive
(EPBD) - Directive 2002/91/EC. This directive offered a holistic approach
towards more energy efficient buildings. It affected the housing sector of
member states at national, regional and local levels and was translated into
Building Codes and policies for new buildings.

In 2010 the EU revised the Energy Performance of Buildings Directive
of 2002 with more stringent targets, indicating specific activities to be carried
out to improve the energy performance of buildings and with special
recommendations to include these procedures into their national and local
building codes. This new directive incorporated the so called EU targets for
2020 aiming to achieve a reduction of 20% in the EU’s total energy
consumption in 2020; 20% of total EU supply of energy should come from
renewable sources and all new buildings to be nearly zero-energy by 2020.



The directive aimed to move EU towards new, retrofitted and nearly-zero
energy buildings by 2020.

The 2010 Directive obliged EU country members to carry out five
specific activities for the improvement in energy performance of buildings:

1. Establish requirements for calculating an integrated energy

performance of buildings;

2. Set minimum energy performance requirements for new buildings;

3. Set minimum requirements for the energy performance of existing

buildings undergoing significant renovation;

4. Certify energy performance of buildings;

5. Carry out Regular inspection of boilers and air conditioning systems

in buildings and an assessment of boilers older than 15 years;

Based on these energy efficiency requirements, every country in Europe
had to implement their energy codes for newly constructed or renovated
buildings. These requirements may apply to the building envelope and/or
systems and can cover end uses such as heating, ventilation, air conditioning,
lighting and water heating.

These Directives had a huge impact in the housing building codes of the
EU country members. Some of them had to create a new building code for
sustainable housing as in the case of the UK and others had to add a whole
chapter to their existing building codes — as in the case of Germany and the
Netherlands.

The 2010 directive created the so-called Energy Performance
Certificates (EPC) for the building sector. The EPC is an instrument intended
to inform potential buyers or tenants about the energy performance of a
building, so they can consider energy efficiency as part of their investment or
business decision to buy or occupy that building. The certificate provides an
energy rating to the building from A to G, where A is the most efficient and
G is the least; for this reason, more energy-efficient buildings are likely to
have better ratings with lower energy bills and GHG emissions

Important strategies were developed by EU to implement the directive
EPBD such as; to make compulsory to all EU Member States to include
energy performance into their national Building Codes; to create Energy
Performance Certificates (EPCs) for newly constructed or renovated
buildings; to include information about the EPC system in all advertisements
for the sale or rental of buildings; to make compulsory to all new buildings to
become nearly zero energy buildings by 31 December 2020 (public buildings
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by 31 December 2018); to set minimum energy performance requirements for
new buildings, for the major renovation and for the replacement or retrofit of
building elements (heating and cooling systems, roofs, walls, etc.) and to
make energy efficient renovations to at least 3% of buildings owned and
occupied by central government

This paper present a short overview of the processes leading to the
creation and implementation of the EPC system in the Netherlands and
introduce some of the legal instruments and strategies used by Netherlands to
comply with the EU EPBD 2010 regulations.

Methodology

The paper summarizes some of the results of the desk study research
conducted at IHS in 2015 to comply with the requirements of the EU
financed project called: “Green Homes- Promoting Sustainable Housing in
Nepal”. An extensive overview of the EU experiences related to the
implementation of the 2010 directive can be downloaded from this site
www.ihs.nl/eco-switch-asia.

Results

The Netherlands has complied with the EU 2010 EPBD Directive by
creating and adding a new chapter to its existent building code. The new
Chapter 5 of the Dutch building code contains different sections covering
technical building regulations in terms of energy efficiency and
environmental construction such as Article 5.1: Energy efficiency; Article
5.2: Energy performance coefficient ; Article 5.3: Thermal insulation; Article
5.4: Ventilation ; Article 5.5: Unheated use function; Article 5.6: Renewals
and extensions; Article 5.7: Temporary buildings. The Dutch building code
covers residential buildings, commercial and public buildings.

The implementation of the EPBD Directive in the Netherlands is the
overall responsibility of the Ministry of the Interior and the NL Energy
agency. The Dutch energy agency is the executive body for the
implementation process.

Several Dutch cities have created their own systems of incentives,
subsidies and voluntary instruments to help the implementation of the EU
directive such as; tax incentives to reduce energy costs; creation of grants to
stimulate the development and production of renewable energy
devices/process for buildings (the green fund scheme); making agreements
with the building sector to develop innovative green materials and processes
to use less energy; promote the creation of green labels for building materials,
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products and appliances and development of green procurement systems for
the building sector. Detailed information of these financial instruments and
other EU experiences related to the implementation of the EPBD Directive
can be seen in the reports found in the site www.ihs.nl/eco-switch-asia :
report on European Experiences of Building Codes for Promoting Sustainable
Housing); report on the Review of some Incentive Mechanisms being used by
some European Municipalities to Promote Sustainable Housing (report) and
report on Green Labels for the construction sector.

Energy Label (certificate).

An Energy Performance Certificate rates a building according to an
energy index. This certificate allows the energy authority to compare and to
control energy performance among buildings. The EPC certificates became
compulsory for all houses in January 2015 and has a validity of 10 years. Only
qualified assessors can issue a certificate and they are needed every time a
building or building unit is sold or rented out.

In the Netherlands the certificates are linked to the maximum rent of
the apartment. Owners of historic houses and houses with a surface less the
50 square meters are exempted of this certificate. A fine of 400 Euros is
applied if the owner does not have acquired a certificate.

Conclusion

According to the Dutch Energy Agency the implementation of measures
to promote energy efficiency as part of the process of getting an EPC can
allow a total saving of 3440 euros per year. The use of the EPC labels brings
positive impacts on the transaction prices and rents, allows the energy
authority to compare and to control energy performance among buildings;
makes the owner of the building aware of the importance of energy
efficiency and helps to comply with the EU energy targets.

The EU decision to make compulsory to include energy performance,
efficiency and the use of renewable energy within the national building
codes has been proved to be a win strategy to promote energy efficiency in
the building sector.

References

An extensive overview of the EU experiences (reports) related to the
implementation of the 2010 directive can be seen in the following reports
available to be downloaded at site www.ihs.nl/eco-switch-asia
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REDUCING THE ENERGY INTENSITY OF MULTI-PRODUCT
MACHINERY PRODUCTION THROUGH THE
IMPROVEMENT OF THE CORE PRODUCTION
INFRASTRUCTURE

Abrahamyan V.G., YSU, Doctor of Economics, Associate Professor
vahramabrahamyan@ysu.am

In multi-product machinery, the level of technological labor intensity
depends on the level of material intensityof production but the level of the
energy intensity of production in its turn depends on the level of labor
intensity of production.

The analysis shows that the level of labor intensity directly depends on
the level of material intensity and the level of material intensity depends on
the degree of accuracy of the used preforms. It is justified by the modification
of the well-known formula for determining the labor intensity in the design
phase which is illustrated as follow:

l, = My~

" n,Shb 1,

where the numerator is the volume of waste disposal, the denominator is a
constant value for the given type of preform’.

Labor intensity of each part of preform included in the finished product
structure in the preproduction phase can be determined by the following

formula?:
my\ Y
tiij = Ajj (K_n{> KyijKyi5 (2),
i
where [ 1jj is technological labor intensity ofipart of preform in j

production with technological process, /71 ; is the net mass of [ part, the

preform of which is made by ; technological process, K ,;" is the coefficient

!Abrahamyan V.Increasing the effectiveness of multi-product machinery production through the
management of the organizational and innovative processes.Yerevan, 2010, p. 141

2Abrahamyan V.Problems of Economics and Management of enterprises, industries and
complexes.Book 9. RF, Novosibirsk, 2009, p. 26.
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of the use of material of I part in the case of making the preform by j

technological process, K. .. is the coefficient, which considers the impact of

K

1

production volume at f is the coefficient which considers the

Lij > 2j

impact of preform's degree of complexity at 7, ; .

The value of technological labor intensity of one machine set of the
manufactured finished product can be determined by the following formula:
N i

: : 3),
Z Ly ZZZAU K" KKy,

j=1i=1 Jj=1l i=l ]

X
N,

<.

where j =1, K are the possible types of technological processes for creating

preforms, i =1, N is the quantity of parts included in the structure of the
finished product, the technological processes of their preforms creating and
designing are made in that manufacturing company.

In the preproduction phase, the power energy cost per product unit can
be determined by the following formula:

Z] 1ZL 1 baij Nu]ku]a 4),

where Nj;; isthe total nominal capacity of the engines in the machinery and
technological equipment used in production of preforms of one machine set
parts of finished product with the various technological processes in the
preproduction phase, k;;; is the coefficient of nominal capacity use of
machinery and technological equipment, a is the tariff of electricity.

The conducted research results show that in the design phase of multi-
product machinery production, the value of technological labor intensity for
one machine set of manufactured finished product is determined by the

following formula:
b V2

=

K/[jt
ZKm;

j=1i

()

Ll ™K

T »

I’
-
=

where the first component is the absolute term (e“z, e=2,71828...),

X,,Y,,Z, are the power indicators, the second component
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N *2

K N,
m,

zz—Kl’jn the total mass of preforms of one machine set parts of

j=l =l &y

finished product, which are designed in the manufacturing company, the
b V2
ZGM

=1
Nl

!
third component z is the coefficient of technical saturation of
@=1

the design phase of production, the fourth component e¢”* shows the impact
of the product manufacturing years in the manufacturing company (it is not
taken into consideration in the case of a new product), the fifth component
K, takes into account the level of used technological processes progress due
to the structure of the used machine assembly?.

In the design phase of the production, power energy cost per product
unit can be determined by the following formula:

N

K ®
E; = Z(Z L Zim Lig Nzi@ kzi(p a (6),
where N is total nominal capacity of the engines in the technological

20
equipment used in production of preforms of one machine set parts of
finished product in the designphase, k is the coefficient of nominal

20
capacity use of technological equipment, a is the tariff of electricity.

In the design phase of production, by determining the value of power
energy costs before the implementation of progressive technological
processes for the preparation of the performers in the preproduction phase
and after these processes' realization we can determine the value of power
electricity costs' expected saving.

3Abrahamyan V.Modern knowledge-based technology. Regional Annex. RF, Ivanovo, 2016/1, p.
104.
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PROBLEMS OF ARMENIAN ENERGY SYSTEM STRATEGIC

MANAGEMENT
Hayk Adilkhanyan
Yerevan State University, Faculty of Economics and Management,
PhD student

haykadilkhanyan@gmail.com
Supervisor: Prof. Dr. Aram Arakelyan

In the current study, strategic management issues of Armenian energy
sector are examined by developing a Balanced Scorecard, which represents a
system that enables managers to evaluate performance of organization from
four distinct perspectives — financial, customer relations, internal business
processes and learning and growth®. A unique modification of traditional
concept is proposed. At the top of the whole system the welfare perspective is
positioned. The logic behind is that the scorecard is developed for the whole
sector and pursues welfare maximizations for all agents. Welfare perspective
has two sub-perspectives — customer sub-perspective and producer sub-
perspective — as the total welfare is a sum of customers’ and producers’
welfare’.

Issues concerning financial performance of producers are discussed in
producer sub-perspective. In this study, financial performance of energy
producers (their revenues), is analysed by means of Fourier series analysis.
Particularly, for distributors of electricity and natural gas — “Electrical
Networks of Armenia” CJSC and “Gazprom-Armenia” CJSC - cycles with
lengths of 6 and 12 months are got®.

In the customer sub-perspective, energy efficiency problems in private
households are taken into account. For that purpose, a survey on electricity
consumption structure is conducted. The results indicate, that in overall
electricity consumption structure, heating devices, electrical cookers, water

4 Kaplan R.S. & Norton D.P. The balanced scorecard: Measures that drive performance //
Harvard Business Review. - 1992. Kaplan R.S. & Norton D.P. The balanced scorecard:
Translating strategy into action // Harvard Business Press. —1996. Kaplan R.S. & Norton D.P.
Using the balanced scorecard as a strategic management system // Harvard Business Review. -
1996.

> Adilkhanyan, H. Development of Balanced Scorecard for Armenian energy sector // Proceedings of
Engineering Academy of Armenia.—2017. - 14(2). - P. 191-194.

¢ Adilkhanyan, H. Modelling of Armenian energy distributors’ time series by means of Fourier series //
Finances and Economy.—2017. —200. - P. 28-33.
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heaters and lighting appliances have the largest share (in winter nearly 85%
of total electricity consumption). Based on these results, regression and panel
data analyses are implemented for quantitative assessment. According to the
results of panel data analysis, electrical heating devices have the strongest
influence on electricity consumption in winter period.

As these two sub-perspectives are closely related (they are sides of
demand and supply), it is necessary to examine that relation by means of
respective mechanisms. In that respect, vector autoregression (VAR) model
between population income and electricity consumption is suggested to
estimate. The results evidence, that income increase in the next period brings
increase in electricity consumption, while two periods later brings decrease’.

In the internal business processes perspective, key determinants of
productivity increase are examined. First of all, by means of Data
Envelopment Analysis (DEA), operation efficiency of Armenian major power
plants is assessed. The results indicate, that four out of five power plants have
100% efficiency and only Yerevan Thermal Power Plant has operation
efficiency of 34%®. Besides DEA methodology, spectral analysis is conducted
for revealing cycles in electricity production and electricity consumption
time series. According to the results, both time series have cycles with length
of 6 and 12 months, while series of electricity consumption by households
has a cycle of 25 days, as well’.

Moreover, environmental aspects of energy sector are also taken into
consideration. In this sense, Environmental Kuznets Curve (EKC) hypothesis,
which assumes inverted U-shape relationship between economic growth and
ecological degradation, is tested for both advanced and developing countries.
The results confirm EKC hypothesis for advanced countries while for
developing and CIS countries no evidence is found. Even more, for CIS
countries U-shape relationship is revealed.

The last perspective — learning and growth perspective — is the basis of
the whole scorecard and defines factors that are vital for the problems
described in the internal business process perspective. This study is focussed

7 Arakelyan, A., Adilkhanyan, H., & Tsarukyan, S. Energy efficiency assessment and energy saving
management multidimensional model for Armenia // Proceedings of Engineering Academy of Armenia. —
2016.—13(4). - P. 367-373.

8 Arakelyan, A., & Adilkhanyan, H. Assessing efficiency of major Armenian power plants by means of
DEA approach // Proceedings of Engineering Academy of Armenia. —2017. - 14(1). - P. 5-8.

9 Adilkhanyan, H. Spectral analysis of Armenian and German electricity production time series //
Proceedings of Engineering Academy of Armenia. —2017. — 14(1). — P. 41-45.
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on the role of human capital. In particular, by means of panel data analysis
the impact of human capital on energy efficiency in developing countries is
estimated. The results imply, that human capital positively and significantly
influences the level of energy efficiency in developing countries.
Interestingly, for CIS countries that impact is proved to be stronger
indicating that human capital plays more decisive role in these countries.

Beyond these perspectives, also two-step cluster analysis is conducted
aimed at allocating developing countries into homogeneous groups, according
to their similarities in energy patterns. Clustering procedure brought five
clusters with sizes of 5, 5, 10, 23 and 39. The most crucial factor in
determining those clusters is the share of electricity production from
renewable sources.

It is believed, that the results of this study will have a significant
contribution both in practical and scientific perspectives. First of all,
literature concerning the applications of Balanced Scorecard methodology in
energy sector is extremely limited and this study will be a particular step
towards fulfilment of existing research gap. And secondly, the results of the
study could be used in policy making process as well, as they are based on
quantitative analysis and are statistically significant.

22 BEUBLQESPY ZUUUYULSE fUQUUYUCUYUL YUAUIULUTL
ZPULULAPLLESD
Zuyly Unpypawlymb

FPwbhuyh puwnkp. Fabpglnpl nnpu, pugquujupulwl  Jwpujopnid,
hupyElonjué gniguihoibph hudwlupg

TYhuwpyynwd tu 22 Lukpghnhl hadwlwupgh nt tpu puqlujupu-
Jut junwwupdwb npny fuunhpubp: Npybu hbnwgnunipjub dbpnpw-
pwlnipnit puupdl] £ hwodklondus gnigwuhoubph hwdwlwpgp:
zpdibny wjwinuijuwt hwdwlupgh npnowlh dbwihnjunipniutph
Ypw Upwlby k22 Fukpgbnhluygh npnpunp hwptlonws gniguithpubph
hwdwlwpg: Zudwljupgh jnipupubsnp puqunphsh opewbwljubpnud’
hudwduwy nwqUujupulub tyunwljubph, jurnmigyl] b quuhwngty
Et huwdwyuwunwuhwt ntnbuudwupbdwnhuljut Unpbkjutp, npntg
hwdwp unwgyk) Bt bywtwlwih wpyniupubp:
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ITPOBJIEMBI CTPATETUYECKOTO VIIPABJIEHUA SHEPTETUYECKOM
CHUCTEMBI APMEHUU

Afix AnumxaHas

KrfoveBsre cmoBa. CeKTOp SHEPIETHKH, CTpaTerHYeCKoe yhpaBleHwue, cba-
JIAHCHPOBAHHAA CHCTEMA ITIOKa3aTeIeH.

PaccmoTpens! cucrema sHepreTUKU ApMeHHH M HEKOTOPHIE IIPOGJIEMBI
ee CTpaTeTnyecKOTO yIIpaBlIeHMs. MeTomoM aHanu3a BbIOpaHa cOaJIaHCHPO-
BaHHAA CHCTeMa IlokasaTeseil. Ha ocHOBe KOHIleNTyaspHOTrO Iepeo6GpasoBa-
HUA TPaJULIHOHHONM MeTOZOJIOTMM IOCTpOeHa COaJaHCHPOBAaHHAA CHUCTEMa
IIOKa3aTesieil dHeprerudyeckoro cexkropa PA. B pamMkax KaZ0oro KOMIOHEHTa
CHCTeMBI, COTJIACHO CTPAaTeTHMYeCKUM ILeJIAM, IIOCTPOEHBI U OIleHeHBI MaTe-
MaTH4YecKue MOJIeJIH, [JI KOTOPHIX MTOMy4YeHbl 3HAYUMBbIe pe3yJIbTaThl.

ENERGY EFFICIENCY BUSINESS MODELS
Sona Alegsanyan
YSU, PhD student Scientific Advisor

Aram Karapetyan
YSU, PhD, Associate Proffesor

Object of the research is Armenian national gas system and the main
purpose of the paper is to study and analyze gas system by using the
methodology of Geographic Information Systems.

The issues that are studied in the paper are the following:

» To introduce spatial data about main gas pipelines by maps,

technological schemes, etc.

» To reflect interconnections between gas system objects using maps,

schemes, etc.

» To get information about the gas pipelines problematic fragments

and to analyze the reasons why they occurred

» To study gas consumption distribution.

The results of the paper can be used in the companies of gas section, in
particular by «Gazprom Armenia» CJSC, due to the fact that mainly this
company provides Republic of Armenia with natural gas supply and sale.
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The paper is devoted to the study of advantages of using Geographic
Information Systems in gas sector and of analyzing RA gas system by building
GIS model.

The usage of GIS has some advantages which are as follows:

+ Better decision making: Making territorial decisions can be critical
for the company's success. Here are some examples of simple
decisions that are taken in the fuel sector: decision about the pipeline
route, seismic zones detection, emergency response planning, and
more.

» Cost savings and high efficiency: The GIS is widely used to optimize
transportation agendas, and the study shows that due to GIS, the
costs are reduced by 10 to 30%.

» Improved communication: Maps represent a form of communication
that improves intercourse with the government, between different
teams, departments, organizations, and even with the public.

+ Better data protection and reporting - GIS provides a powerful base
for data management with all kinds of reporting tools.

To conclude I would like to say that in recent years the society has
entered into information era and the use of information systems has become
an integral part in any company. The services where the geography and land
are central components, there is an opportunity to use GIS to improve the
efficiency of the work. For every fuel company spatial data is essential and is
used at all stages of the enterprise: studying, analyzing, assessing, fuel
distribution, import, sales. It is estimated that about 80% of the information
used in fuel industry includes either any spatial component and can be
displayed on the maps or can be attached to any area. Geographic
Information Systems have become the critical parts of fuel companies. They
are used in such companies to create geological maps and display the whole
data on the maps, to track vessels, to manage gas receiving, transport and
distribution processes, to monitor pipelines, as well as for emergency
response, seismic planning and pipeline routing.
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THE ARMENIAN ENERGY RESOURCES SUPPLY CHAIN
Aram Arakelyan,
YSU, Prof. Dr.
Styopa Tsarukyan
YSU, Faculty of Economics and Management, PhD student
Maher Davtyan

Russian State Humanitarian University, Moscow, PhD, Associate Prof.

The knowledge of the structure of electricity production, supply and
consumption provides understanding energy flow from producer to end user
and consequently allows to make decisions concerning to the management of
hole process of energy production, transfer to users and consumption.
Present paper is devoted to the approach of the description of ways for
energy production and supply through the supply chain. The structure of
supply chain outlined in the paper could allow to operate within the supply
chain and implement prompt service and management of state regulatory
bodies and electricity and gas retailers.

Structure of the supply chain. Structure of supply chain is based on the
methodology of Balanced scorecard developed by Kaplan and Norton. The
energy supply chain is started from the electricity generators /Hydro, wind,
solar, bio, nuclear and thermal generators/. We are distinguishing renewable
sources, nuclear and thermal generators.

Energy sources providing electricity production. Electricity is producing
based on the use of renewable energy sources /wind, solar, hydro and bio/
and nuclear and thermal plants. Taking into account the import of gas as the
energy resources we are isolating the unit incorporating natural gas based
electricity generation equipment. Simultaneously, we are presenting units
incorporating electricity production equipment using nuclear power.
Concerning to renewable energy sources we are considering wind, hydro, bio
and solar energy use units incorporating energy generation equipment
separately.

Supply chain network. Supply chain network is fitted out for electricity
transmission through high voltage transmitters from electricity producing
equipment and plants to intermediate as unit providing electricity
transmission to end users.

The key Armenian energy system players. Currently, Armenian energy
system is free from market. Nevertheless, the Armenian energy system
operates through the activity of entities like Armenian electricity network
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(AEN), Armenian Russian <<Gasprom>>. These legal entities are operating on
the bases of laws that govern the economy and police of country energy
resources. Data concerning to Armenian energy system can be found on key
players websites and are good starting point for those who are looking for a
Armenian energy network participants including energy producers,
suppliers, distributors and end users. The summary given below presents
participants of Armenian energy system.

Armenian energy system participants. Electricity generators: Electricity
is generated from thermal plants operating with natural gas supplying from
Russian Federation, Nuclear power plant, Hydro electrical plants and one
solar energy plant which is not powerful and is a starting point for the
transition to renewable energy production.

Transmission network service providers. The electricity is transforming
through the high voltage electricity transmission lines. Each marz
(administrative region) has sub energy system to provide distribution of
electricity and gas to end users. It should be noted that each marz has one gas
transmission provider and is regulated by relevant economic regulator.
Armenian regional energy supply chain provides access to parties on fair and
reasonable commercial terms. The feature of Armenian energy network is
the possibility for some energy users to be connected directly to the
electricity and gas transmission networks.

Intermediary: AEN is the single entity which offer a range of services to
end users such as information and advice on energy distribution. The
limitation of the number of Intermediaries is the weakness of Armenian
energy supply chain. This feature causes the lack of the competition and the
absent of energy market.

Armenian National governance and regulatory bodies The Armenian
Ministry of energy and nature resources is main regulatory body of Armenian
energy supply chain. Armenian energy supply chain. Sectors of Armenian
economy are appearing as end users.

Balanced scorecard of Armenian energy system The BSC s
presented as the system allowing to organize the implementation and
operation of Armenian energy system
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EU FPQULEU UNTGLLGT
Fuwpuyul Pudwpu
Quynil Fhkpglwnpluyh wijug hnpdugln

tamara. babayan@gmail.com

Eubpquuppynitwdnnipjutt jupwinidp gupdl; B yghnwljut
punqupuwljuimpjui ghipulu nnpnipmi: MEnwlwt  phttwbubpp
dhow sk, np pujupupmd Eu tkpnppnidubnh wwhwiep hwdwyupuyhtt b
whinwlub skuptpnid b Eupuljunmigyuspubpnid: Uyny hulj yuwnmdwnny
wlhpwdbonnipnit £ wnwowimd Yhpwnk] wjiyhuh phqubu dnnky,
npp  Eubpquupymbwybnmpjut  (wyumhtn’  EU)  kpypoudibpp
owhbklwl Ynupdukt dwubwdnp hwndwsh hwdwp:

Unyt wphiwnwiph twunwlin £ tbpluyugil) Zwjwuinwinid
Jhpunth EU phqubu dnpkjubp: Uju hwdwnbpunnid phqutu dnphjt
nungnpynud £ gnpépupwgubiph junudp, npt wywhnymd E ubpgpnidubinh
vhongny Eubpquuuyundwt Ypdwnnudp W/jwd tukpghwh wpynibw-
Jtwn oqunugnpsuwmtt wykjugnidp: Unnpkjh mwppbp Bu hwinhuwind
Eubpgbnhly wninhnh b tkpppnudubph $httwbuwynpdw b qunidubph
Ubkpnnp, wuydwtwgpbph junwjupnidp, mEuthjulwt ykpwhulnnnt-
pmilp, Unthunphiiqp: Glakn] npuig wpwidiwhunlmpymbikphg
Ynnutph thnjuhwpwpbpnipmnibiibpp jupguynpynud o hwdwywnwu-
it wuydwtwgpbpny: Zwbpuyght okuptpp, $htwvwdnpytng ywhwnw-
jut jud hwdwjupuyhtt pnigkutinhg, puduluthtt jungbih G Yppw-
jul, wnnnowwyuwhwljul, dpwlnipuyht b qupswljut skuptph Eukpgk-
why Swhiubpp hhdbwlwinid wewghtt Jwd phpnpy nbnnud G wy-
huwmwnwywpdhg htwnn, hul pni Swnwynipmnittbphtt wnbisynn Swpubpp
ghonid Eu tubpquuuywndwt Swpiubpht: Chupkph JUks dwup php-
pintidws L Zhknbwpwp pkiptph wuwhywiudwh Swhuukph Yuphpp glipw-
quignud ku thnppuphy whdtwljuquh b pwhwpniuibph vyuwuwpldwi
hwdwp whunwlwt pmigkhg hwwnfjwugyny gnidwpp, b hknbwpwp
hwpdwpuybnnipmnitp bu sh puduwpupnid ywhwbettpht. hwipught
okuplnp wphbunwlwinpkt vwhdwiuhwlnd Eu Eubpghugh oquw-
gnpénudp Juwd, okiphg Ynpniuntbph hEnmbwupny, vyyundwé tubpghwt
sh wmywhnynud pwduwpup gbpduyghtt nhdhd: Uhudwudwtwly, hmbpught
okuptkph dhtwbivwlwb uniy dhengubpp pny; skt wwhu juwnwpty
shpdwdklniuugdul, obpnigdwt b (nruwdnpnipjutt wpphwljwbugdwub
ubpypnudubp: Zwbpughtt okupbpp twb  sniubt  Jupynibwlnipjuit
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wjuyhuh dwjuppul b juquuljbpyuhpujulub b, npykuqh putyk-
ph Ynnuhg nhunwplytb npuybu wnwnkighuy Juplupn:

Unlju punspugnuntbptt nt gdupnipnibubpp tjunh nibbwgng,
wpynibwdbn phqubiu dnghjh ophtiml b Eukpqupubwynnnipjut swnw-
mpymbtkph (wpunthbn’ BRO) dunmgiwl wuydwiwghpp hwbpughi
okliph hwidwp: Cunn wynd EVO dwinnignnp (wjunthtn’ EOU) juinw-
nnud E ubpppmudubp hwbipught okupnid yuyydwing, np tkpgpnidukph
gnudwpp  Ydbpunupadh $htwbuwynpnnhtt’ wowewgus  Julwynmnnt -
pintutbpp hwoypt: Uju ulqpnitipny dbwynpdbk] b hpwlwbwgyl; k
Zudwopuwphughtt pwthh $htwbvwnpludp  Eubpqupuwgnnnipyu
dnwghpp 2012-16 pp. 2Z9ER2 dhongny: Uju wupuquynid Z4EEZ hwb-
ntiu k quihu npyku EVOU), b $httwmbuwdnpnidt wpdmd E Epununpdt-
1hnipjui uljqpniupny: Eubkpglinpl] wninhnh wpyniipnid EVOU wnw-
owpnud £ Uhongupmuubph thuplp tkpypniditph U elugnnnipyn-
utph jujugnyt hwdwlgnipyudp: Zwgnpy thniynud hwynwpupynud £
Upgnyp twhiwgsdwl, shttmpupnipjut, Uk mupjuw swhwgnpsdwt b
Unthninphigh dwnpwynipnibubph thwpbph hwdwp: dbpohtt plniut
hpuwlubugynid ki swhwenih htn' hwdwdwg wupdwiwgpnid qlntn-
Jwd npnypubph: Upgnyph thnynid dwubwlhgp ubpjuyugund £ Ak
thwpkpny wnwewnly, npnid tkpundws o nbuininghwljut nidnid-
ubkp, wluuwiynn pbwmnnnipjut vinjnu, quwnwewpl, htyywhku twb
ubpnypnudubph gnun phpjws wpdbp (QRU): Cun npnud, wuydwbwghpp
ounphynid k ny ph tjuqugnyt ghtt wpwownlnn juquultpynipjuinp,
wy] wnwybkjugny QRU tkpjuyugpus duubwlght: Uw wyywhnymd k
EU wnwyl) wnwownbd wkjuuninghwubtph Yhpwenudp hudwywnwu-
huwtt quny: Uppjuwnwiipubph nhdwg Jdwpnidubpp junwpdnud Eu pun
wjupnqwsd thnmbkph, b pnnp wohwnwpubtptt wdwpunbnig htwnn
J&wpnud E wwjdwiwgph ny wbjh pub 80%-p, hulj dbwgusp B
wljujuynn dwjuppuljp wywhnybkinig hkwn: tw hwjuunbint hwdwp
oinnigdwi ubkiqnunid hpwlwbwugnmd b Eplpwpupyu dntthninphlg,
nnhg htinn Jdwpynid £ 10%, tpt puuynnnipniut wywhndduws k: ULY
wnwpyu hwenn owhwgnpénidhg htinnn Jwupymd t dbmgus gnidwpp:
EO wuydwtwgph dwu E juqunid ubpypnudubph JEpugupddwi dw-
dwtwljugnygp: Lkpgpdws gnidwipp Longnid | wppuwnwipibph ju-
wnwpnithg htinn, hwind i juyuwjunniikph tjundudp tiniquitp-

ubpp, wbjugdmd L jpugnighs dSwjuwih gnidwpubpp: Pugh wyn

10 Zuyuunwtih Jkpuljutqinn Fukpghnhluyh b Eubpquutuwnnnipiut hhdtwnpud:
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gnidwphg, swhwpnit Jdwpnid E twb npnowlh gnudwp npwhu
dwinwynipniukph Y&wn:

NMwwuykp. Uwuhu pdojuljui Jinpnih

Eubpquuywemup twjupuh O b htnn

/

Jgwpnud ERO
hudwp;
46,8%

B huynnnipnil Jugpmud Ev0 hunfwup
k B quspmu tukpghugh hundup B Uwugh wg j

Uju opptiwlmu pubwnnnipnitp tpwbwlwih k, pwbth np twju-
Jhunud otinnignudt nt viwp gpudwnwluwpupnidtt wywhndynid kp
EEyupukutpghuny: Ujunkn junnigyby t unp jupuwjunni b oknig-
dwl gulg dwpnlngbpny, junupdt) b yunbph ebpdudbniuugnid
wlnthinny, wuwwunnithwiubph b wpwnwpht poubph thnjuwphinwd, wnw-
thph obkpUwdblyniuwugnd: PFwgh Lubkpquuyundwbt Ypdwuwnnudp,
Jtunpntp twb pupkjuyduws hupdwpuydbnntpjut wpyniupnid dknp k
phipt] pugnighs hwdwjunpnubp b htwbuwlju hnupbp:

Zwupuyght pkuptph EU hwenpy phqubu dnplp htwbuwlub oni-
Juyh dhongny $huwtivwnpnid b Uw wykih Yhpwekih £ hudwyupw-
1htu opgkunukph hwdwp, tjunh niubtwngd hwdwjiuph Jupynibwyni-
prub b yniimpjul wunhdwip hudbdunws whnwlwb Junnjgit-
nh: Uyu phwypnd puyp/Jupluyhtt juquulbpynipmiup Jdupnid k
hwiwjuph Ynnuhg tkpgpudws juywiwent phljpnippubip’ junwp-
Jws wppumnwbpubph nhdwg, nphg hknn hwdwjupp tnyu gnidwpp
dwpnud £ puihht’ pbwynnmpmbtbphg wowewgus gmuwplbph huy-
Jht: Cun npmud, hwdwjupp Jupnn E wywhnybt] wykh pupdp hupdw-
puybnnipput dwupqul Jéwpbn] wy) Bjudnunibphg: U dnghip
ukpjuynidu Yhpundnmd t UQRU Ypkghn Ugphynp pwilph b Z9EE2
Ynnuhg:

EU bhttwivwynpdwt wyy phqubu dnnl £ hwinhuwinud ubthuljut
dhongutiph, npudwounphh, whkwnwlwb pnigkh hwpyght tkpnpnidukph

23



bhtwbuwynpnidp, npp sh muppipynud juwhwnw) inpnguwt gnpépl-
pugubphg: Uwluyt twlwb thnyp bwjuwgdughtt woiwnwpubph
wuwwybpt k nph wuwpuqunud yunyppunntt yupunwdnp E uwh-
dwtik] wwhwbeubp EU quuwhwundwl, dhongunnidubph twpiwugsdwl,
nbnuliuyynn  uwwppuynpmudubph  punipwqptph  Jhpuwpbpup: Uju
ntypnid EU tpupjuhpp twpnwgswyhtt hwuwnmwpnptph b wywwnwbph
nbkpuuhjujwt Jipwhunympjut npulh wywhnynida t:

SOCIAL SURVEY AND ASSESSMENT OF ENERGY

EFFICIENCY INVESTMENTS IN ARMENIA

Tamara Babayan

Senior Sustainable Energy Expert

tamara. babayan@gmail.com

Anush Petrosyan

YSU, Faculty of Economics and Management, Ph.D. of Mathematics
anoushpetrosyan@ysu.am

Energy efficiency promotion is a priority in public policy of almost all
countries. For a comprehensive assessment of the impact of energy efficiency
(EE) investments, it is necessary to design and implement a monitoring
system for EE indicators, which will enable to understand not only the
energy saving in physical and monetary terms, but also to evaluate its social,
environmental, gender and other possible impacts. For that purpose it is
necessary to conduct social survey using a questionnaire and methodology
that would identify the results and impact of energy efficiency interventions.

The purpose of this paper is to present a system of sociological
assessment of impact of the EE investments in state owned and municipal
buildings, as well as external lighting systems. It is based on the actual data of
the investments under the EE Project!!. The Energy Service Agreement (ESA)
was elaborated for the project, according to which, the Beneficiary is
responsible for repayment of investments from the savings. The objective of
the project was to decrease energy consumption in the public and municipal
buildings and street lighting systems. The project was demand-based, i.e. the
potential beneficiaries were selected based on the application and initial data
and information provided in their applications. The presented system is a

Usupported by the World Bank/Global Environment Facility implemented by the Armenia
Renewable Resources and Energy Efficiency Fund (R2E2) in 2012-2016.
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multidisciplinary independent sociological survey methodology, its database,
combined with objective data, and a system of assessment indicators. The
objective of the survey is to assess the efficiency of EE Project in the facilities
that have been involved. The survey aims also to reveal implementation
issues or success in order to make appropriate adjustments in processes and
procedures. For that purpose, a special survey was conducted with the
involved contractors and management of facilities. In this paper the focus is
the survey of beneficiaries about the impact of energy efficiency measures.
The survey identifies the changes in facilities in terms of the comfort and
operation, financial savings, awareness of beneficiaries regarding the energy
efficiency activities, changes of behavior, as well as difficulties in operation
during the implementation of energy efficiency measures.

The sampling of the survey consists of the management and visitors of
the beneficiary institutions. To assess the implementation rating the
contractors were also involved in the survey. It was decided to select all
facilities that have been involved in project and completed activities in 2012-
15. Beneficiary facilities are schools, hospitals, cultural and administrative
buildings, municipal street lighting system. Geographically the survey was
conducted in all marzes. The vast majority of respondent employees and
visitors — 93% - have been attending/visiting the institution for more than 2
years (and in case of communities — live there), 5% - from 1 to 2 years, the
others — less than 1 year. 94% of them visit the given facility or community
every day, 2% - several times per week, the others, specifically visitors of
hospitals, more rarely.

The survey was conducted to identify results and findings in the
following aspects: i) Changes in comfort before and after EE measures, i.e.
changes in indoor temperature, operation days/hours, heated area, number of
clients served, number of visitors, etc. ii) Changes in financing situation:
generally it was improved, but it is also possible to pay more for energy bills
to provide higher comfort level than the baseline conditions. iii) Changes in
energy management: this should reveal potential improvement of energy
management, monitoring of energy consumption, trained operators, etc. iv)
Behavioral changes of employees and clients. v) Unforeseen changes, positive
or negative. vi) Satisfaction with the services and results, including timelines
and quality of the works performed. Satisfaction with heating conditions,
equipment and materials installed, designs, etc. Satisfaction with
charges/payment for services and for energy consumption.
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As a first step of the survey, the consumption pattern before and after
energy saving measures was reviewed based on presented reports, energy
bills and other documents. During the interviews the same information was
verified with the management and beneficiaries of the facilities. Gender
disaggregated indicators are surveyed. Implemented EE measures are

presented below.
Fig. 1. Implemented EE measures

Installation of new windows | =0
Installation of new doors | 18
Modernization of heating system IS 14
Thermo-insulation of walls IS 14
Modernization of illumination IS 12
Thermo-insulation of the roof . 12
Thermo-insulation of windows I ©

Installation of EE equipment [l 2

Changes in comfort before and after the EE measures. In all cases the
respondents mentioned about increased comfort. Indoor temperature was
increased in all cases. The satisfaction was higher in facilities where the
normal conditions were not maintained before the project. The increased
comfort was also presented as a larger area of facility used during the heating
season. Another observation is the reduced idle days and hours of operation
during the winter. Street lighting system comfort is expressed by the
increased illuminated area and operating hours. The visitors mention the
increased comfort in terms of indoor temperature, reduced noise and dust, as
well as overall esthetic atmosphere.

Fig. 2. Average temperature in facilities in winter months before and after the EE Project
30
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Changes in financing situation before and after energy efficiency
measures.

93% of institutions (39 institutions) mentioned that EE measures
contributed to the increase of savings, the other institutions mentioned that
either they have not noticed any difference or the indicators for the savings
are not yet visible due to the increased comfort the facilities spent more.
Financial situation was improved in some cases also due to the reduced
operational costs of the winter maintenance (repair and insulation of
windows, doors, etc). Cash flow was improved in some facilities also due to
the increased number of visitors, i.e. new students or patients’ inflow
adequately increases the revenue. Social impact is assessed both for visitors
and operators of the selected facilities. While the operators are satisfied with
the savings in the monetary term and more attractive appearance of the
facilities, the visitors mention the increased comfort in terms of temperature,
reduced noise and dust, as well as overall esthetic atmosphere. It is worth to
mention that although the application from the facilities was for improving
the EE however during the survey the respondents mentioned that the main
reason for applying was the need for improvement of the conditions of the
building and increase of comfort in the facility.

Conclusions: It is necessary to apply a sound monitoring system for EE
project: i)energy consumption and thermal comfort should be monitored
using meters’ readings, energy bills and monitoring devices; ii)reduced GHG
emissions should be calculated by the professional staff; iii) survey should be
conducted to identify benefits and issues for beneficiaries.

PROBLEMS OF ENSURING ENERGY SECURITY AND

INCREASING ENERGY EFFICIENCY

Vardan Bostanjyan
Doctor of Economics, Professor

Development of each country’s economic system is highly dependent on
performance of energy system and efficient solutions of its problems.
Obviously, natural resources of a country, production, scientific,
technological and human potential of energy sector are key determinants of
country’s position and role in political and economic processes. In fact,
efficient use of those factors creates preconditions for sustainable
development of national economy, as well as for securing population welfare
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and increasing living standards. In this sense, policy directed towards
ensuring energy efficiency is an important condition for both energy security
increase and economic development. Extremely important role played by
energy system for developing economic system and securing social stability,
as well as inconsolable condition of its production capacities require design
and implementation of justified and targeted state policy in that strategic
sector.

In overall, energy security is considered as an important element of any
country’s national security, including the Republic of Armenia. Securing
national security is among the main problems of energy policy. Energy
security protects country, its citizens, society and economy against threats for
reliable and stable energy supply. Those threats are conditioned by external
(geopolitical, macroeconomic, conjunctive) factors, as well as by the
performance of energy sector. These factors are also serious threats for energy
security. Alternatively, energy security guarantees stable, reliable and low
cost supply of energy resources necessary for satisfying all needs of country,
its citizens, society and economy through normal development and
implementation of methods of production under extreme conditions which
meet objectives of human health and environmental protection.

Undoubtedly, energy security assumes securing stable energy supply in
short and long run, even in case of a consumption at peak level, reduction of
supply interruption risk, as well as guaranteed provision of necessary
volumes of energy sources at affordable prices. In overall, in the context of
securing a necessary level of energy security and energy independence of
Armenia, the following factors are siginifcant: use of renewable energy and
energy saving, development of nuclear energy, diversification of energy
resource supply and regional integration, provision of social policy, financial
stability and economic efficiency.

So, in our opinion, implementation of the abovementioned measures
will create serious precondtions for increasing efficiency of national energy
system which is considered as a crucial guarantee not only for economic
development but also for ensuring national security and energy efficiency.
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ON ARMENIAN MIGRATION ECONOMIC CIRCLES
Gagik Chakhoyan
PhD, YSU, Faculty of Economics and Management
gagik.chakhoyan@gmail.com

Migration has been one of the biggest challenges for Armenia to face in
the late 1990s and in the start of 21st century. A lot of studies have been
conducted to analyse its patterns. In this study we focus on reviewing
economic circles of migration and its relation to economic welfare of the
population, particularly its energy consumption. We apply spectral analysis
techniques to the following time series: migration rate (migrant numbers per
100000 population), GDP per capita and energy consumption (of residential
sector) per capita (kw/h per capita). The data consists of quarterly
observations for the last 13 years. Spectral analysis allows to identify and give
quantitative estimations of frequencies in time series. It is used to decompose
a time series into a finite amount of sinusoids. Moreover, it helps to find out
the frequencies that have the most significant effect on the change of the
variable through time. The formula for time series decomposition is as

follows:

2wkt . 2mlt
TS; =a,+ alcosT + a,sin T

where T is the length of the series (t = 1,...T), % and § are the frequencies of
the series, a,, a; and a, are the coefficients of the components.

The results of the analysis are as follows:

1. Time series of migration have 4-quarter and 7-quarter frequencies.
When we fit the model, all the coefficients of dependent variables
have p values lower than 0.05, so their estimates are statistically
significant (The value of coefficients are 1314.72 and 78.03 for 4-
quarter and 7-quarter frequencies respectively). Moreover, the
component of the equation with 4-quarter frequency has far larger
effect on the change of migration than 7-quarter frequency.

2. Time series of energy consumption per capita variable has only 4-
quarter frequency. In the model all the coefficients of dependent
variables have p values lower than 0.05 (The value of coefficients for
the component with cos. and sin. are 20.53 and 26.54 respectively).
The component with sin. has about 29% larger effect on the change
of migration than the component with cos.
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3. In case of GDP per capita variable, we have 4-quarter frequency as
well. The value of coefficients for the component with cos. and sin.
are 50867 and -82507 respectively. The component with sin. has
about 62% larger effect on the change of migration than the
component with cos.

After revealing the basic frequencies of time series and fitting the
models, an autoregressive distributed lag model (ARDL) is applied to model
the relation between migration rate and energy consumption per capita (GDP
per capita is used in the model as a control variable). It is assumed that
energy consumption affects the welfare of the population and thus causes or
restricts migration in the long run. The speification of the model is:

MlgT't = bO + blMigT't_l + bZENCCt—l + b3GDPCt_1 + €,

where Migr is the migration rate, ENCC is the energy consumption per
capita, GDPC is GDP per capita. All the coefficients of the model get
statistically significant estimated values. R? of the model is 0.9975. b;'s and
b,'s estimated values are positive, while bz has a negative sign, which means
that if we lower/increase per capita energy consumption than migration rate
will increase/decrease.

22 UPQLUSHPUSP SLSEUUYUL 8hULB
Qughly Swfunjul

Unwhgpuyhli punkp. Jhgpughw, Fhkpghw, ZUU, uwkinpuay Jkpni-
Snippinill, wuppkpnipintGbkp:

SYjw wphmunwbpmy Yhpundt) b uybljnpuy depinsnipmit 22
Uhgpughuyh, ptwysmpjut ynnuhg tukpghugh vyundwl b kY ush
hwoyny 2UU-h wunbuwlwb ghyiph hwdwp: Fuwhwndl] £ bwb

Eutipghuyh uvyuedwt b ZUU-h wqpbkgnipiniup dhgpughuygh qnpdulgh
Jpu dudwbwluyhtt pupptph quuwhwndwt wjnnnbgpluhy pupfudus
1ugny Unnkjh (ARDL) oquntipjudp:
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Vehanush Marukhyan
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Management, PhD vmarukhyan@yahoo.com

The accurate forecasting of electricity demand plays a very important
role for efficient strategic planning of electric power companies. Poor
Armenian households spent roughly 10 percent of their total household
budgets on the electricity and gas, which is defined as living on the edge of
“fuel poverty”, so continued tariff increases will increasingly push lower-
income Armenians toward the brink of fuel poverty. Furthermore, it is
expected that the increase of tariffs will be continued in the coming years
concerning the increase of primary energy prices all over the world.
According to Armenia's National Statistical Service, population consumption
share of the total electricity consumption is 35% in 2016 , 26% consume
industry, 4.% budget organizations, etc. The large part of demand goes to
population and industry. Thus, that is necessary to create models, methods
and mechanisms that allow accurate forecasting of electricity demand,
mainly for residential sector.

In this research one of the most popular data mining methods - an
artificial neural network (ANN) was applied to predict the residential
electricity consumption in Armenia.!?

For forecasting of electricity demand one of the neural network
architectures, multilayer perceptron (MLP) were utilized. This ANN consists
of: an input layer, hidden layers and an output layer. Each neuron receives a
signal that is a linearly weighted sum of the outputs from all the neurons in
the preceding layer. Activation of neuron ;is then defined as

Y, = f(z wiiXij)

12 Kandananond K., “Forecasting Electricity Demand in Thailand with anArtificial Neural
Network Approach," Energies, vol. 4, pp. 1246-1257, 2011.
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where Y; is the output of node j, f(.) is the transfer function, w;; the
connection weight between node j and node i in the lower layer and X;; is
the input signal from the node i in the lower layer to node j.

The network was a biased weighted sum of the inputs and passed the
activation level through a transfer function to produce the output. In this
paper the neural network was interpreted as a form of input-output model
with the weights and free parameters of the model. The units of a network
were arranged in the form of layered feed forward structure. The number of
layers and number of units in each layer are selected while the weights of
networks and thresholds are set so as to minimize the prediction error.

Presented data concerns period of 2003 to 2016 (56 cases) quarterly
basis. We used statistical package STATISTICA version 10Ru to estimate a
forecasting model. The inputs used for ANN application were the historical
data at t —4,t — 3,t — 2,t — 1 to predict the electricity demand at time t.
The amount of networks used to train was set at 200 while the top
performing five networks were retained. According to the MAPE, MLP
(4,4,1) model had the lowest error among all other models (0.027717). The
training algorithm of the MLP network was the Broyden-Fletcher-Goldfarb-
Shanno (BFGS) algorithm with the number of cycles used to train the model
125. The hidden neuron activation function was Logistic, and the output
neuron activation function —Exponential.

We introduced a new approach artificial neural network (ANN) to
estimate electricity demand in RA, which is based on a structure of power
network.

Keywords: artificial neural network (ANN); data mining; multilayer perceptron
forecasting electricity demand
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APLUYNPEBUL UNNURS ELGUSMUELGMIRUSE NUZULRUM YD
YUULMUSEUNRUL UL26USUUUL LESNLUSHhL 8ULSEP
Ub0N38NY
Quyubk I junyuid,

&Nz, phq-dwye. ghwnr p,. nngkinn
YEkhwhnty Uwpnifupui
ENZ, i, g, po.

Puwbuyh pwnkp. wphbunwiuwl bbpnbughll guigkp, wphbunmwlub

pankkn, pugquupbpn  whpubuunpnl, EEunpulbibpghuyh  quhwbowplh
qubpiunnbunid:

Upjuwnwiipnid nhunwplyly b phwlsnipyut Ynndhg LEjunpukiubp-
ghuyh wwhwbowplh Yutjpwnbundt wphbunmwljut tEpnguigknh
Jhpunnipyudp: Yuthiunbudwt tyunwlng junnigyl) k puquuotpn
whpubywnpni:

IMPOTHO3WPOBAHUE CIIPOCA DJIEKTPOSHEPTHH C
[IPUMEHEHUEM VCKYCTBEHHBIX HEMPOHHBIX CETEM.
Tagre I'yxacan,
Berarym Mapyxaua

Krrovesste cmopa: wckyccrBeHHas HeHpoHHAZ cers (ANN); HCKyccTBeHHBIH
HHTeJIZIEKT; MHOTOC/IOHHBIH II€PIeNITPOH, IIPOrHOSHPOBAHHE CIIPOCa HA 5/IEKTPOSHED-
THIO.

B craree mpuMmeHeH OZWH M3 CaMBIX IIOIYJIIPHBIX METOZOB HHTEI-
JIEKTYaJIbHOTO aHaJIN3a AaHHBIX - UCKYCCTBeHHas HeliporHas cets (ANN) mis
IIPOTHO3UPOBAHHUA CIIPOCa Ha IIOTpebjeHMe 3IeKTPOSHepTUH B ApMeHUH.
[ IpoTHO3UPOBaHYA GBI TOCTPOEH MHOTOCIOHHEIH nmepuentpon (MLP).
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Supervisor: Prof,, Dr. Aram Arakelyan

During the last decay, the debate of high-quality energy system and its
impact on sustainable development has been of a great interest in the
literature. However, few of them have focused on the climate change and the
resource depletion caused by the exploitation of natural resources for energy
production and consumption. The problem is particularly vital in developing
countries, as in many cases the energy resources are used with low efficiency
and without taking into account the risk and the damage they employ to
surrounding environment. Thus, considering the importance of the
mentioned subject the objective of this paper is to investigate the relationship
between energy-resource depletion, climate change, health resources and
energy consumption and efficiency in the panel of developed and developing
countries, over the period of 2000-2014.

A wvast majority of literature have reviewed how the energy
consumption and efficiency benefits to the development. However, the
negative effects of none efficient energy consumption are crucial for
investigation. Several studies have addressed the environmental impact of
energy consumption. The study by Akhmat et al. (2014) found electricity
production from oil, gas, and coal sources increase the GHG emissions and air
pollution in the region, however, the intensity is far less than through fossil
fuel. Zaham et al. (2014) have investigated the impact of energy consumption
on climate change for the major regions of the world and found evidence of
unidirectional causality between the electric power consumption and climate
factors. Jorgenson (2013) studied the increasingly sustainable relationship
between development, human well-being and the natural environment.
Dolsak (2001) analyzed factors affecting countries commitment to mitigating
global climate change within the scope of existing international institutions.
The above discussion confirms the strong correlation between energy
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consumption, climate change, human well-being and resource depletion.
However, few studies in the literature focus on the situation in the
developing countries.

The aim of this paper is to investigate, firstly, the impact of energy
consumption on the climate change, health quality and energy-resource
depletion in developing countries. The main hypothesis is that the increase in
the energy consumption has a negative effect on the environmental and
health conditions. Further, the study focuses on analyzing how the energy
efficiency can influence this relationship. Finally, we investigate the situation
in CIS countries. In this case, these countries are of specific interest as the
economic system has different growth patterns compared to other developing
countries.

The study is based on panel data for 110 developed and developing
countries for the period 2000-2014. The major climate variables include
atmospheric, topographic, living organisms, water system and growth factors
used to investigate energy-climate nexus. In case of energy resource
depletion, energy depletion, net forest depletion and natural resource
depletion have been taken as approximations. Finally, in case of health
quality the indicator of the incidence of tuberculosis, the infant deaths,
average life expectancy and health expenditures per capita have been taken
as dependent variable. As independent variables the GDP per energy use and
energy consumption is the focus of the analysis. The analysis includes several
other control variables, which include urbanization level, GDP per capita,
CO2 emissions, types of energy resources, industry level etc.

The main method used is panel data analysis models. In particular
Pooled OLS, Fixed effect and Random effect. Panel data models examine
cross-sectional (group) and/or time-series (time) effects. These effects may be
fixed and/or random. Fixed effects assume that individual group/time have a
different intercept in the regression equation, while random effects
hypothesize individual group/time have a different disturbance. The required
tests for determining the best model and the goodness of fit have been
conducted.

The results of the study indicate that there exists a relationship between
energy consumption, climate change, health quality and resource depletion,
which shows variations due to changes in the energy consumption between
and within developing countries. The analysis also has found evidence that
the energy efficiency has a positive impact on these variations. Furthermore,
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the results from CIS countries also confirm the impact of energy
consumption on the environment and human resources, but in some cases,
the energy efficiency is less influential in improving the situation. Thus,
sound and effective energy consumption strategy may reduce the burden of
global environmental issues in these countries and support more sustainable
development.

AN ESTIMATION OF THE INFLUENCE OF DEVELOPMENT
FINANCE ON ENERGY EFFICIENCY (IN DEVELOPING

COUNTRIES AND CIS)

Hripsime Atanyan

YSU, Faculty of Economics and Management, Master, Phd
hripsime.atanyan@mail.ru,

Supervisor: Prof,, Dr. Aram Arakelyan

Yenok Hakobyan

YSU, Faculty of Economics and Management, PhD
y.b.hakobyan@gmail.com

Supervisor: Prof,, Dr. Aram Arakelyan

Energy efficiency implementation is increasingly being recognized by
policymakers worldwide since energy savings and the reduction of energy
intensity are essential for national economies to ensure sustainable growth.
However, its financing in developing countries continues to be a challenge.
That’s why it is important to find out the relationship between financial aids
from such kind of international programs and outputs. We should pay
attention to the fact that the situation in the energy sectors of developing and
the CIS countries are still characterized by low efficiency of energy
consumption and large energy losses which lead to the decrease of
competitiveness of domestically produced goods. And the main source of the
above-mentioned costly improvements is the development finance for energy
sector from different international donors. Thus, it is actually important to
explore how these financial flows are invested and contribute to an increase
of energy efficiency.

In this analysis we attempted to find and quantify the impact of
financial aids for the energy sector on energy efficiency. We investigated the
level of energy intensity of the recipient countries as it is a measure of
the energy efficiency of a nation's economy. The level of energy efficiency
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can be changed due to upgrades in processes and equipment. In other words,
declines in energy intensity are a proxy for efficiency improvements. We can
just take one as the inverse of the other. Energy intensity is calculated as
units of energy per unit of GDP.

The effectiveness of development finance is a highly disputed topic both
in the academic literature and in the broader public debate. However, only a
small part of previous researches is focused on the aid analysis making
distinction by purpose or sector. The effectiveness of energy sector was
analyzed by G. Gualberti, L.Martins, M. Bazilian (2011). The research found a
statistically significant and positive effect of Official Development Finance
for electricity production over the installed energy base. However, in our
research we assess the impact on the relative indicator of the energy sector in
contrast to the previous one/energy base generation/ since energy intensity,
in our opinion, describes the changes in energy efficiency more accurately.
Further, the model includes also other factors, for instance governance
indicators such as the indices of corruption and the efficiency of government
and private sector.

We created an econometric model which aims to evaluate the
effectiveness of ODF for the energy sector trying to find out how these
financial flows effect on the level of energy intensity. At the level of the
aggregate economy (or even at the level of an end-use sector) energy
efficiency is not a meaningful concept because of the heterogeneous nature of
the output. The production of a huge number of goods, the mixing of the
transport of freight and people, and the variety of housing and climates
makes an aggregate energy intensity number based on Gross Domestic
Product (GDP). That's why we take the level of energy intensity as a
dependent variable in our model. Since it is available for a large number of
countries over time, it can be considered as a proxy for the energy efficiency
only taking into account that they have an inverse meaning and explanation.

In order to evaluate our model empirically we observed two groups of
countries. First, we used the dataset of developing countries. Two main
approaches of classification of countries exist: a) the World Bank classifies
countries into four income groups (low, lower middle, upper middle and high
income countries) b) the IMF uses a flexible classification system considering
not only per capita income level (advanced and emerging countries). Our
analysis is based on the classification given by IMF. This group of emerging
countries is composed of 85 members.
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Then, we considered the CIS which contains 9 member states and 2
associate members. In the frame of this research the analyzed data was
available from AidData.org, IEA, World Bank, IMF. Based on this
information about the countries from two groups, we made a panel analysis,
as we had 19 years of observation(1995-2013).

While assessing the impact of ODF for the energy sector on the energy
intensity, we included 6 other control variables in our model (renewable
electricity output (% of total electricity output), net energy imports (% of
energy use), energy use, GDP per capita, urban population, HDI). To test our
regression, we applied different models of estimation: pooled OLS, Fixed
effects and Random effects analysis.

The results confirm the positive impact of the financial aids and its
effective usage on the overall energy efficiency. Even though our models
have some limitation the analysis in this paper shows that the development
finance for the energy sector leads to the decrease of energy intensity. To
sum up, findings indicate an increase in energy efficiency and possibilities of
sustainable development due to the funded finance.

TBEPJIBIE OTXO/IbI KAK AJIbTEPHATVBHBIN

NCTOYHUK AJIA IIOJIYYEHUA TOIIJIMBA
A.A. Hcaxos,’ A. Aprcrarecas;? I O. Topocaw®
HITYA, k.1.1., gogert, > HITYA, acnupant,* HITYA, g.x.H., mpogeccop
gagiktorosyan@seua.am
Hayausii pyxopogurers 4.x.H., mpogeccop I O. Topocar

H3zBecTHO, 4TO HedTh OTHOCUTCA K HEBO30OHOBJIAEMBIM IIPHPOJLHBIM
pecypcam. lokasanusie 3anacsl Hedru (#a 2016 rox;) oueHHUBAIOTCS IprIMe-
pHo B 1657,4 mupz Gapperneii, mpegnosaraemsie - B 300-1500 mupz 6appeeii.
3a mocieguue 40 et rofoBoi 06eM MUPOBO# HedTeZ0OBIYM BO3pPOC U 06OT-
HaJI TeMITBI Pa3BeIKU HOBBIX MeCTOpOXJeHUi. [Ipy HBIHEIIHNX ITOKa3aTenrax
norpebienusa (32.5 miupn Gappeneil B TOA) HOKa3saHHBIX 3alldCOB XBATHUT
npuMepHo Ha 50 jeT, mpeAIoIaraeMbIX 3aI1acoB elle MakcuMyM Ha 50 sret. !

Hapsagny c aTum cyuecTByer ellle OLHO «CTUXUITHOe» GeicTBHE —
aHTPOIIOTEHHBIE OTXO/BL.

Becs Mycop, KOTOpBIi CeTOgHS YTUIU3UPYIOT, JeIUTC Ha [iBe
OCHOBHBbI€ TPYILIIbL:
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1. TBépabie ObITOBBIE OTXOZBI (CTEKTIO, OyMara, IITACTHK, IHUIIEBHIE
OTXO/IBI).

2. IlpousBozcTBeHHBIE OTXOABI (OHONIOrMYECKHe, MeSULUHCKWE, pa-
JUOAKTUBHBIE, CTPOUTEIbHbIE OTGPOCHL, a TaKXKe MyCOp TPaHCIIOPT-
HOT'O KOMILJIEKCA).

Cpepnecraructuyeckuii mycop Ha 50% cozmepsxut nonumepsi, 10%
cocrasisier Gymara, 25% — muieBse OTXO/bI, OCTaBIIeeCs — METaJLI, Pe3UHa,
TEKCTHUJIb U IIpoYee.

K ocHOBHBIM MeTOZaM YTHIM3AI[MHM MyCOpPa OTHOCAT TEPMUYECKYIO 00-
PaboOTKy, KOMIIOCTUPOBAHUE, ABJIAIONIEeC eCTeCTBEHHBIM METOZOM PasjIoxKe-
HUA, ¥ 3aXOPOHEHUe MycOpa Ha CIIeIIMaJIbHBIX ITOJUroHaXx. Hekoropsle cio-
co6bI TepepaboTKU OTXOJO0B, B YAaCTHOCTH ILIACTMACC ITO3BOJISIOT IIOTYYUThH
BTOPUYHOE CHIPbE. Jleso B TOM, YTO IIaCTMAacca pasjiaraercsi O4eHb JOJTO,
HaKaIlJINBAsCh Ha IIOBEPXHOCTH 3€MJIM U B BOZAX OKeaHa. U TOJBKO B CpeHEM
7% 13 BCeX ITOIMMEPHBIX OTXOZOB ITO/IBEPraeTCs BTOPUYIHOIM IepepaboTke.

W3 5TUX MeTOJOB CXKUTAHUE SIBIAETCA CAMBIM JELIEBBIM M PACIPOCTpa-
HEHHBIM BapHaHTOM yTuiusanuu.? [IppuMeHeHNe TaKOTO METOAA 3aKJII0YAETCA
B TePMHUYECKON JIUKBUIALMKU OTXOLOB IPH OYEeHb BBICOKHX TeMIepaTypax,
KOTOpbIe obeclieyaT CKUTaHHMe Mycopa 0e3 OCTaTKa M YaCTHYHO IIOTJIOTAT
A0BUTHIE BelecTBa. [[pobiema yTraIn3anuy TakKUM CII0COOOM 3aKJIIOYAeTCs B
TOM, YTO OCTaTKH BEIeCTB IIaryOHO BIUAIOT Ha aTMOC(hepy IO6IHU30CTH STOTO
Mmecra. [lmg  ycTpaHeHHsA STOTO HeJOCTaTKa HeOOXOZMMO HCIIOIb30BaTh
CHCTEMBI OUYHUCTKU ra30B, BBIETUBIINXCA IIPU CXKUTAHUHU Mycopa. BosHukaer
HeOOXOZMMOCTh CO3/IaBaTh ¥ OCBAaMBATh AJIbT€PHATUBHBIE METOBI IO II€pepa-
GOTKe 3TOTO BTOPCHIPbA. MBI IpezjaraeM IpUMeHATh Aad yrumusanuu ThO
TeXHOJIOTMIO IIHMPOJIM3a, KaK AJIbTEPHATHBY CXHUTAHUA UX B IPUCYTCTBUU
KHCJIOPOZa.

[Muponus — TepMuIeCcKOe pasIoxeHre Mycopa 6e3 Bo3gyxa. DTOT CIIoco6
IIOMOTaeT yMEeHBUIUTH Bpe/l, HAHOCHUMBIH OKpY>Kalollel cpefe.

INoz mupoIM30M OTXOLOB, UMEETCS IIPOLIECC TEPMUYECKOM 00paboTKu
YTHIIA, C TIOMOLIBIO KOTOPOTO OH pasJaraeTcs U3-3a OTCYTCTBUA KUCIOpoaa. B
pe3yJIbTaTe Ha BBIXOJlE ITOIYYaIOTCS TBEPAbIE YTIEPOAUCTHIE OCTATKH, @ TAKKE
IIMPOIU3HEIN Ia3.

TexHOIOTHA TUPOIN3a COCTOUT U3 CIeAYIOLUINX STAIIOB:

e cyxas IeperoHka

e rasudukanus

® CXIDKEeHUe.
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IIpu HarpeBe B HarpeBaTeIbHOM YCTAHOBKE IUIACTUKOBBIA MyCOp Pasor-
peBaeTcs, BRIJeNAIONMeCcS B IPOIecce Iapsl HAIPABIAIOTCA B CIIEIUAIBHYIO
cucTeMy TPYO, TAe OHM OXJIQKIAIOTCA M 0CeJaloT, KOHAEHCHUPYICh B CHIPYIO
cuHTeTH4ecKy!o HedTb. CpIpylo HedTh MOXHO HCIIONB30BATh IJIA TEILJIOTe-
HepaTopoB U Ileueil Wi ImepepaboTars B GeHsuH. Takxe us mofo6HOM HebTH
MOXXHO BBIJIEJIUTh UHIMBUIYyaIbHbIE IIeHHbIe OPraHUYeCKUe BellecTsa, KOTO-
phle ABJIAIOTCA ChIPhEM JJIS IPOMBINIJIEHHOTO CHHTe3a. Takoil MeToJ, JaBHO
3aKpemmacs KaK Oe30TXOAHBIN, OH IO3BOJIAET HCIIOIB30BaTh MAaKCHMAaJIbHO
PaIMOHaIBHO IpUpPOHEIe pecypckl. KpoMe sToro, oH cuuTaercs emé u 6es3o-
IacHee yeM CXKUTaHMe, TaK KaK IIPU IpoIlecce IMUPOJIK3a, BPeJAHEIX BEIOPOCOB
B aTMocdepy HAMHOTO MEHBIIe, YTO OCBOOOXZAeT IPUPOSHYIO Cpeny OT
JIMIIHUX 3aTpA3SHUTEIIeH.

KonuuectBo BemecTs, 06pa3oBaBLUIMXCs IIOCTIE IHPOJIHM3a, HAIPIMYIO
3aBHCHT OT UCXOJHOTO MaTepHaja 1 yCIOBUI, B KOTOPBIX IPOBOIUTCA
IIPOLIeCC TTUPOJIN3A.

Hawmu 6511 ocymecTBieH HuskoteMmeparypHsrit nuponus THO Ha ma6o-
paropHoit ycranoke mpu 450-900 ° C. Ilpu sToM Ha BBIXOZEe IOTydaeTcs
MHHHMMyM Ta3a X MaKCHMyM TBEDZABIX OCTAaTKOB, a TakKe CMOJ M Macel.
VBenuuenue temmepatypsl Boime 900 ° C BpIzano Gosibllee KOJIUYECTBO rasa,
a TBEPJBIX OCTATKOB, ECTECTBEHHO, MEHBIIIE.

Takum o6paszoM, IpUMeHeHNe NMUPOJIU3a AL IOTydeHHs CHHTeTHdec-
KO He()TU CHUJIBHO CIIOCOGCTBYET CO3/JaHHIO SHEPTeTHYeCKOI He3aBUCHMOCTH
U yMEHBIIEHUIO HeOOXOAUMOCTH U3BJIeKaTh GOJIblle He(TH , a TAK)XKe pellaeT
IIPOJIEMBI CBA3aHHBIE C BOIIPOCAaMH 5KOJIOTHYecKoi GesomacHocTH.?

! http://www.ereport.ru
2 K.A. Tpuropses u ap. Texxonorus cxuranus opranndeckux romwnus, Cankr-Ilerep6ypr. 2006
3 Topocau I. O. u ap ITuponu3 u3HONIEHHBIX aBTOMOOUIBHBIX IIMH — Ty Th Pa3pelleHUs BaXHON
TpoGIeMBI OXpaHbI OKpY’Karoleit cpeznpr Dxomorndeckuit Becruuk CeBeproro Kaskasa, 2015. —
T.11.-Ne2.C.25-29.
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Energy independence is independence or autarky regarding energy
resources, energy supply and/or energy generation by the energy industry.

Energy dependencein general refers to either mankind's general
dependence on primary or secondary energy for energy consumption (fuel,
transport, automation, etc.). In a narrower sense, it may describe the
dependence of one country on energy resources from another country.

Energy dependency shows the extent to which an economy relies
upon imports in order to meet its energy needs. The indicator is calculated as
net imports divided by the sum of gross inland energy consumption
plus bunkers.13

Net import

ED = , .
gross inland energy consumption + bunkers

Energy independence, while being attempted by large or resource-rich
and economically strong countries like United States, Russia, China and
the Near East, is an idealized status that at present can only be approximated
through non-sustainable exploitation of a country's (non-renewable) natural
resources. Another factor in reducing dependence is of course the addition
of renewable energy sources to the energy mix. Usually, a country will rely
on local and global energy renewable and non-renewable resources, a mixed-
model solution that presumes various energy sources and modes of energy
transfer between countries like electric power transmission, oil transport
(oil and gas pipelines and tankers), etc..

We can determine Armenia’s energy dependency(ED) as a resource
considering electricity. So we can determine how much Armenian economy
depends on other countrie. For this, first we have to contemplate the balance
of electricity in Armenia.

13 Eurostat:
http://ec.europa.eu/eurostat/tgm/refreshTableAction.do?tab=table&plugin=1&pcode=tsdcc310&la
nguage=en
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According to Tablel, we can determine Armenian ED (for electricity),
which part of the consumption is covered by import, what part of the
production is consumed and which part is exported.

Table 2.

Year | ED Export/Production | Consumption/Production | Import/Consumption
2002 | -0,06848 | 0,119573096 0,93591 0,059282

2003 | -0,0529 0,106000836 0,949754 0,058704

2004 | -0,14261 | 0,16787728 0,875191 0,04921

2005 | -0,14782 | 0,182225459 0,871218 0,061344

2006 | -0,07211 | 0,126992409 0,932742 0,064042

2007 | -0,00556 | 0,076522653 0,994472 0,07139

2008 | -0,00266 | 0,058811985 0,997351 0,056312

2009 | -0,00798 | 0,059243586 0,992083 0,051736

2010 | -0,14358 | 0,163477832 0,874449 0,043373

2011 | -0,17032 | 0,186056211 0,854467 0,047426

2012 | -0,24821 | 0,211057465 0,80115 0,015237

2013 | -0,15385 | 0,158975357 0,866667 0,029587

2014 | -0,16682 | 0,169548387 0,857032 0,031015

2015 | -0,1909 0,182610926 0,839702 0,026573

Thus, given the data in the table, we can conclude that Armenia's

economy is relatively independent in the energy resources. In the 1995-1996
years Armenia’s entire production of electricity has been directed to domestic
consumption, and electricity has not been imported and exported.

Then part of the domestic consumption was secured by import, and
Armenia started exporting electricity to other countries. Electricity exports
increased from 1997 to 2005. In 1997, exports accounted for around 2% of
local production and about 18% in 2005. In 2005-2010 it dropped to about
16% in 2010 and then increased to 21% in 2012 and again fell to 18% in

2015.
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JKCIIOPTHAA OPUEHATIINA SJIEKTPOSHEPTYN KAK

OCHOBA DHEPI'OS®OEKTVIBHOCTH B PA

Apa Kapan, Anargra Cyper

Kapsar A. gogerr kagespsr PHHAHCOBBIX pacTeToB

ETY n EPOA, npescegarexs OO «/loruka», KaHg.5K.HAyK

O azp.: ara.v.karyan@gmail. com

Amranga C. conckarers kagenpsr Sxoromurwn u ynpasrenns EPOA
Enazp.: suren1888@gmail com

OKCIOPTHAas OpHeHTanud dHepretuku PA gBigercsa xkiaouoM aud obec-
IeYeHUd 5Hepro 5¢@deKTUBHOCTH U BCEX NPYTUX BBI30BOB B OTpaciu. Pemre-
Hye 1pobieMsl Gasupyercs Ha 6ase aTOMHOM SHEPreTMKM W Ha BAXKHOCTU
IIOBBIIIEHUA 0e3 yTIeBOZOPOSHOro 6aaHca 3IeKTPOSHEPTHH.

B nemom mpobiemy suepro addexruBrocTu B PA ciemyer paccmoTpers
yepes IpU3My BHYTPEHHMX M BHEUIHUX IIPOGJeM 5Hepro 06e30IacHOCTH U
addeKTHBHOCTY S5HEPTreTUIeCKOTO phIHKa PA:

K BryTpernHHM (arTopam orHOCATCA: 1) He dbdeKTHBHAA HAJIOTOBat U
He cbasaHCHpOBaHHAA TapudHas MOTUTHKA; 2) HEOOXOZUMOCTh IOTHOIEH-
HOU anbOepasu3auyuy BHYTPEHHErO PHIHKA OJHEPruH; 3) HU3KUU YPOBEHb
sHepro sddexTuBHOCTH U dHeprocbepexeHus; 4) mpoGIEeMbI IIPOLECCOB
ITuBepcubUKAIUY SHEProCHAOKeHUS IO BUIAM SHEPTUH U MCTOYHUKOB; 5)
HEeTaTUBHOe BJIMSIHME COIMANbHOM CHUTyalUM HaceJIeHUsA Ha peasH3alfuio
c6alaHCUPOBAaHHOM TapuHOI NOMUTUKY; 6) COKpallleHue TUIPOdHepre-
TUYECKUX PECYPCOB BCIEACTBHE EeTPafaliiy SKO CUTYaIUN;

K BremHmM @axropam coorBercTBeHHO mpobiemsr:1) peanuzanyu
KPYIHOMAacIITAOHBIX IIPOEKTOB, CBA3aHHBIE C OJOKaZoil MHPACTPYKTYp; 2)
ITuBepcubUKAIUKY MMIOPTa TOIUIMBHO-DHEPreTHYECKUX pecypcoB B PA; 3)
IIOJTHOLIEHHOM MHTETPAIH SHepreTUudeckoi crucreMbl PA B permoHaibHbIe
SHepreTUYeCKUe PHIHKY; 4) CHHXPOHU3AIUU IIpaBUJI PHIHKA PA c mupexTu-
Bamu EC p1a nprcoesuuenus x sHepro perakam EC.

g mpeomoneHNs yKasaHHBIX W IPOU3BOAHBIN IpobiaeM HeoOXOAUMO
IIpeXx/ie BCETO MMeTh PaIlMOHATBHBIN 0aJTaHC 3JIEKTPOSHEPTUU U B T. 4. TaK
Ha3bIBA€MBIH 6e3 yIIeBOJOPOLHBIN GalaHC 3IeKTpodHepruu. B sHepreTryec-
KoM OajyaHCe — IPOU3BeIEHHOI dIeKTposHepruu B PA B cpennem 32% mpu-
xoputcs Ha AADC, 35% na TOII u 33% wa I'DC, BIIOUas Maible TUIPO3JIEK-
Tpocranuuy, (3a suHBaps aBrycr 2017r.) Jlons AADC B oTfesbHbIe IEPHUOBI
MoXeT Bo3pacTu Ao 45%, a moTeHumanbHO IpeB3oiiTH YepTy 50%][1]. [Tpous-
BeJleHHas 51eKTposHeprus G6es goau Tl paboraromrux Ha UMIIOPTUPYEMBIX
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YTJIeBOJOPOJHBIX pecypcax, a uMeHHO 3a c4eT AADC U TUIPO 3/I€KTPOCTaH-
nuii, Bkaouas Maiasle [DC B Apmenuu cocrasiger 67% U MOXeT BO3pacTH
emre Ha 10-13 npoueHTHBIX IyHKTA U cocTaBUTH 77-80%.

YxazaHHas KapTWHA HaBOAWT K CIEAYIOUUM BbIBOAAM: [lepBbIi BAIBOL —
VYMeeM TPaAUIMOHHBIH 3HAUUTeIbHbIH yaenbHbIi Bec AADC B sHepreTuyec-
KoM GajaHce (UeM HaZO BOCIIOJIB30BAaTHCA), KOTOPHIN BMeCTe C TOAPO-dHEp-
TeTUKOI (OpPMHUpPyeT AOMUHHUDYIOMUI CeKTOp 6e3 YIIeBOZOPOSHOM 3IIEKT-
posHepruu. Bropo# BrIBOZ - YCJIOBHO B IpUHIMIIE 3a cdyeT 5T 3TuxX 80%
BBIPDA0OTaHHOM (IIPOU3BELEHHOMN) 06e3-yIIeBOJOPOFHOH SIE€KTPOIHEPIHH
Beipaborannoii Ha AADC u I'DC, Bxoyas Manble THAPO CTAHIIUU MOXHO
VZOBJIETBOPUTh BHYTpeHHHe moTpebHOCTH PA 1 obecrmeunts peskoe
cokpaueHue Tapuda Ha 3IEKTPOIHEPTUIO i1 BHYTPEHHUX IOTpeGuTenei,
npumepHo 35 gpam Ha 1 kBr.u., BMecTo peficTByromero 44,98 mpamasa 1
kBT.4.[2]. 3a cueT ykasaHHOTO pe3epBa CHIDKEHHs Tapuda MOXXHO BBECTU
TaKKe aKIM3HBIM HAJOT Ha 5JIEKTPOSHEPTHMIO, TeM CaMBIM IPUHATH 9KO™
KOHIIeTIINIO HajoroobiaoxeHus B PA u 3a cyeT sTOro pemars BOIIPOCHI 3¢-
(eKTUBHOTO HAJIOTOOOJIOXEHUS SHEPTeTHKH, NMpobieMy cOalaHCHPOBAHHAS
TapudOB, a TAKKe PeATU3ANUU 3374 DKOJIOTUIECKOH M COIMAIBHOM IIO-
BECTKU U IOBBIIEHHUI 5())EeKTUBHOCTH PeaTbHOTO CEKTOpa. /peTHH BBIBOJ -
BCSI «yTJIEBOLOPOJHAS 3IeKTposHeprus’ BsipaboTarHas Ha TOIl Moxer GBITH
HallpaBjIeHa Ha SKCIIOPT, U TOTJa CJlIeAyeT COCPeJOTOYUTCA Ha MOBBIIEHUU
addeKTHBHOCTH CXeMBI IPUPOAHBIH Ta3 B3aMeH Ha SKCIOPTHUPYEMYIO SJIeKT-
posHepruio (6apTepHas cxeMa BBO3MMOTO IPUPOAHOTO Tasa u3 Mpana) u oc-
BOEHUHU HOBBIX CETMEHTOB DKCIIOPTHBIX PHIHKOB. B3aMeH MMIOPTUPYEMOTo U3
Vpana 1xB. M rasa ApMeHus 6apTepoM BhIILIaYuBaeT 3.2 KBT.4. ai1eKTposHep-
ruu, u 1,3 kBr.4. mepenaer “ApMSIHCKOI pacipemenTebHON CeTH IO IjeHe
0,4 (AMD)[3].

[IpuBenenHoe paszueneHue - Oe3 yIa€BOJOPOJHAA 3JIEKTPOIHEPIHA AT
BHYTPeHHHX HYKJ, a YI/IEBOZOPOJHAA SJE€KTPOSHEPIHA JJIA HYXKZ HMIIOD-
T4 yCJIIOBHOE, TaK KaK B OTZeJIbHbIE NEePUOIBI HAa BHyTpeHHee IOTpebiieHue
MOXeT OBITH HAIpaBJIeHO DJIeKTpOdHeprus mpousseferHas Ha TOLl u moxer
UMeThb MeCTO Ipyroi packiaz. IlocTaHOBKAa TakOrO alrOpUTMa HMMeeT KOH-
IeNTyaJbHOe 3HAYeHUEe U CTUMYJIUPYET Ha SKCIOPTHYIO OPUEHTALNIO DJIEKT-
pOSHepruy BHIPAOOTAHHOI HA yTJIEBOJOPOZAX, C y4eTOM (PpaKTOPOB — TOPro-
Boro Gamarca PA, BarrorHBIX pe3epBoB PA, nHbasmpioHHOrO IIpecca, SHepro-
3¢ deKTHBHOCTH, SKOJIOTUIECKOMN COCTABIIAIONIEH — 3arps3HeHMe U IIIaTa 3a
9KOJIOTHUIO, PETyJIUPOBaHUA Tapu(OB U B I[€JIOM IOYTU BCEX BHYTPEHHUX U

45



BHEWTHUX BBI30BOB JHepreTuyeckoil GesomacHoctu PA u sddexrusHOCTH
SHepreTU4ecKOro peIHKa PA.

ELBUSCUELGrehUSE UrsuzUvU UL UN\UuNrnenNhuct N0N6U
2Z-0bhU ELBMRUUMBNRLUYGSNRE8UL ZhUR

Udthnthnud

Ukphuwyugdws £ 22 tubpquupgnitwybnnipyut wpynibwybunnt-
prut b Eukpgbnphjuyh wowbgpughtt hhdbwjutughpubph nsdwt huygk-
gulupgp hhut]ws wswepustught HEnputibpghugh wpnwhwb-
dwl b tkppht yuphpubph hudwp ny wswepwstughtt HEyupwkubkp-
ghuyh uyuwndwt dninbkgdwt Jpu: Thunwplyl) G inp wnndwljuyuh
jurnigdwt Yntunpghnidh b pugkunmhghntt dwwnphgh twpwgsdwb
wnwppkpuljubpp, Gubng wnndughtt tubpginhjumd ubpppnidught
npnonidubph wpnh dhnnwdubtphg: Npubtu hweonnuwé ninkuhy k tpgnmd
dhuttwjut «Uwuljwjuh» dnnbip, nph putwdbp hwignid k h owh pwd-
ubwnbpkph qpojuljwt pwhniyeny hwdwgnpswljgnipjuic

FPwbhuyh punkpp. Bubpquintunnnipiniy, Fubpquupynitwdbnnipynd, ny
wshmgpwstwght  LEjnpwtubpghw, hwplhujhtt b uwwlwuqtughtt punupw-
Junipni, wnndughtt Eukpginhlu, wnndwljuyuih Juenigdwt tbpnpni-
dwyht Unpky:

ELECTRICITY EXPORT AS THE BASIS FOR ENERGY
EFFICIENCY IN ARMENIA

Summary
The thesis presents the concept of energy efficiency and key solutions
for issues of electricity in Armenia, based on utility of hydrocarbon energy

for export demand and non-hydrocarbon energy for domestic internal needs.

Keywords: Energy efficiency, Energy saving, energy efficiency, non-
hydrocarbon electricity, tax and tariff policy
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SEUUYESLEPhS
L pkl vusunnppul
Zuyunmnulif wqquypl wnjpunkahulwh huduguupui
Eakpghunpluyp b Eupunkuiplugh hhunpunnin
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Cpowju dhowduyph yuwhwywinmipiniup tkpjujhu jupbnpugniyi
hhdttwhwpgbphg dklu £ b nupdk) £ Eukpgbnpljugh wipwdwt dwup,
dwubwynpuybu, Juynit Eubkpginhljugh qupqugdui hwdwnbkpunnid:
Tk Jiuynud twb UUY-h dulyub pupnhwt jumnit phuljupuiught
nunbumpjutt dwuhl, npmd wpdwbwgpdws E np phwjupuwbiughte
nunbumpiniup whnp bt yubtwynpl] b juquulbpyl] wuybu, np
juquqnyih hwugyh puguuujut dwpnusht mqptgnipmiup oppuljw
Uhowquyph Ypw: dhpehtihu whwp t hwubl) wyy pdnd’ phwljbjh nw-
pwdpubiph phwywhywbwlwbh b Fukpghnhl gnigumuhotbph pupdpug-
it uhongny, hisp Yluuunh pluljhytbph Yrutph npwlh pupbjud-
dwtip bt bpulg wnnnowljwt fuinhpubph tduqbgdwin, hisybu twb ju-
it punupughtt ptwluwduyptph dhongny, npnup httwpwynpnieju
ntypnid, ogunuugnpénid ku ipuljwbiquynn Eubpghuyh wnpnipbp!:

2017 p. hwmunwwndws Lphpnpy Eukpquupynibudbnnipjut gop-
snnnipjniiibph Spwghptt wnwewpmd £ wowlby Ukd wewmlgnipinit
gniguiplinl] mEknuljut JEkpuljuqynn tutipghnhly nbunipuibiph oquw-
gnpsuwl, hwnluwbu  wplught gpwnwpugdwt  hwdwlupgkph,
pupfjuus wplhughtt dnninynpunughy hwdwlwpgbph, gniquunbnbuw-
Juwl puwthnuibphg JEuuwqugh vnugdwi b pkuptipnid gnnignid unw-
twnt hwdwp tpypuebpduwght Eukpghuyny okpduyhtt wndwtph thnpd-
twwl dSpuqpbph hwdwp: Gpypuetpduyhtt wnpmnipny obpduyhtt wynu-
whpp JEunpnuwljut gknnigdwt hwdwp unp vhgnguenid £, nph hpw-
Juwbwgnudp Qbpunijh punupuybinwpuwih wewljgnipjudp qghwhwwn-
Jt & $68250 b Ywpnn E $htwbuwnpyly ESP $nunh, ubthwluwl nk-

5 UUY-h dulywb pupnhwd juymb phufupubught nbnbunpjub dwuh, 36 te:
Zwuwtkih L. http://www.nature-ic.am/Content/announcements/10514/ARM_Geneva_
UN_Charter_on_Sustainable_Housing.pdf (ko 11)
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unipuikpny Ywd wy] wypmiptbphg: Uhongundwl  wpnyniupmd
wluuynd £ wwwhndl) wnwpbljut 750U049wnd Eubpqupnbiwgnnnt-
pinLue:

Zuipy L gk, np obpdwynduyuyhtt nknuljuwywiputph (MS) htwn-
qudw dudltwnp dkbwdwuwdp upudws k LEjunputubpghugh b Junk-
1hph (phwut qugh) vwlwuqubtph hwpwpbpnipniihg: Uydd Zuywuwnw-
unud wyn hwpwpbpnipniip juqunud k3, hsp Bupunpnid b, np unin-
pujut wuydwbibkpniud wju nbuininghuh ntnbuwlut wpynibwyk-
nnipjnibt nt dpgnibwlnipniip pupdpugutint hwdwp fupbnp E nk-
nuljul juru]updwt dupdhibbph wewlgnipmip diwynphyny uyk-
nujub-dwubiwynp gnpépuljkpnipnii:

Cunpdus gudp ghpdwunhdwbiwghtt obpunipjubt wnpniphg Juju-
Jws 109w hqnpoipyudp 20S-h dhongny Junkjhph niwnbunidp 9NS-h
yndwypbunph nwppkp mbkuwlh hwunnpnuljubph ghypnid Juqunid .
HEyunpulwi hwnnppuyng 20S-h hwdwp' 18,5...54,5%, ququujun-
gught pwpdhsny 48...74%, huly nhqbjughtt pwpdhsny 42,6...70,7%1:
UoJws mbuwlh hwunnpnuljutpng Q0S-ubkph owhwgnpddwt wpnni-
pnud opwnwpwgnighs Jupuuwjunwt wojuwnwiph hwdtdwn pnjnp
ghunwupldus gusp wynunbkiughwjuyht okpunipjut wnpmnipubph nhypnud
ntnh E nukimd CO2-h wpnwibinmdbph Ypgunnid, pliy npoid” qua-
quupunguyjhi pupdhsny wpjuwwnnng QNS-h yupuquynid qputgynid k
wpunwibnndubph wybh twut Ypduanmd  (1363w/nwph), pwl
EEjunpuhwnnppuynyg 20S-h nhuypnid (1003w/nwnh):

Ushimnnwipnid mbuthjuntnbuwulut hwyyupyh hhdwb Jpw
nuntdtwuhpyby b obpduyhtt wndwbph swhwgnpsdwb tyuwnwljuhwp-
dwpnipmniip Zujuunwinid gopénn  ppwluwb vwluqubph wuydwb-
ubpnud:

16 Zuywunwh Fubpqujubwnnnipiub gnpénnmipnibntnh dpuqph 1-ht thnyh hwoybtn-
Ynipinit. Zubpdus N 2: 22 junwjwpnipjub 2017 p. thiinpduph 2-h thunh Ne 4 wpdw-
twgpuyht npnodwb. - 304 ke: (kokp 21, 286) Zmuwikih E
https://www.e-gov.am/u_files/file/decrees/arc_voroshum/2017/02/4-7_2ardz_voroshum.pdf

17 Ocranenxo O.IL., Cro6ogauiok A.M. Dueprernveckast, 9KOJOTHYECKas W SKOHOMHYECKAS
9((eKTUBHOCTh MAPOKOMIIPECCUOHHBIX TEIJIOHACOCHBIX YCTAHOBOK II0 CPAaBHEHHUIO C albTep-
HaTUBHBIMHM MCTOYHMKAaMM TersiocHaGxeHus // Hayunsre Tpyssl BUHHHIIKOTO HAI[OHAJIBHOTO
TexHUYecKoro yHuBepcurera (r.Bunuuna), Ne2, utons 2014, 11c. ISSN 2307-5376. Jlocrynso Ha:
https://trudy.vntu.edu.ua/index.php/trudy/article/view/417. ara gocryma: 1 oxr. 2017 (ctp. 5, 7)
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PRECONDITIONS TO ACHIEVE AND MAINTAIN
SUFFICIENT LEVEL OF ENERGY SECURITY

Tatoul Manasserian,
YSU, Doctor of Economics, Professor
Research Center ALTERNATIVE, Yerevan, Armenia

Energy security depends on a variety of local and external economic and
political factors. In most of the countries, energy security rely on economy's
dependence on energy, emergency and technical capacity, alternative sources
of energy, efficiency of energy production and consumption, as well as on
trends and developments in world markets affecting energy prices and other
aspects. Therefore, the definition itself is based on revelation of the main
essence of energy security components.

Government actions are required to gain sufficiency in energy
production and supplies, and reduce existing dependence from external
sources without endangering and harming the interests and priorities of
other economies, companies and people. This means, according to Adam
Smith, that the government need to be more than a night watchman for the
economy or if not improving the efficiency, than to don’t harm?.
Consequently, government interference needs to be proper and delicate and
be both economically and politically accountable to assure energy security. In
addition, state price and supply controls can be justified for a short period of
time and sustain energy independence through stimulating energy
conservation, efficiency norms, utilization of alternative sources and better
use of renewable resources. Using the two basic functions of the government
— controlling and regulating — in any country despite the level of economic
and political development, it may be the initiator to develop and utilize new
technologies in energy sector and intervene to improve distributional
efficiency, fairness, and overall economic stability. In addition, it is aimed to
fix the market from possible failures and handle foreign trade deficits,
inflation and the overall balance between consumption and investment.

Since the first major energy crisis in early ninety seventies, the unit
costs had declined for solar and wind energy. Also, wind turbines and solar
panels are more secure and environmentally safe than other forms of power
stations (1, 2). All these possible sources represent the production side of the

18 According to Hippocrates
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energy security that allows the enterprises of different branches of economy
to operate based on uninterrupted supplies.

For many countries energy security is also the capability to maintain
sufficient reserves of oil and gas reserves for the public and industrial
consumption and emergency response ability under unexpected
circumstances resulting in supply disorders and interruptions and availability
of means to sustain reasonable levels of price for the public even during the
periods of oil and gas shortages in local markets. Taking into consideration
the nature of oil and gas supplies, in particular their non-renewable feature,
some countries holding mentioned strategic reserves prefer to import and
keep national reserves for the years to come in order to lessen unforeseen
turmoil. From the other hand oil import dependence creates not only
economic, but also political and diplomatic complications not always
allowing to agreeing on peaceful solutions of the hardships. Diversification of
sources for the oil imports may reduce the risks but not eliminate it since the
establishment of such strategic alliance as OPEC in 1960. Real trends are
clearly reflected on the balance of trade and demonstrate the level of
dependence of nations from petroleum.

Table 1. Petroleum Balance of Trade for Selected Countries

Importers Exporters
Country Oil Imports as % Country Oil Exports as % of Oil as % of
of Consumption Consumption Export
Earnings

China 31 Canada 41 14
France 96 Iran 176 85
Germany 95 Nigeria 640 98
Haiti 100 Norway 3042 57
Iceland 100 Saudi Arabia 477 90
Japan 98 UK 45 8

Jordan 100 Venezuela 399 73
USA 55 Vietnam 111 20

Sources: Jin Renging, “Timely implementation of sound financial policies,” People’s Daily,
Feb. 22, 2005; U.S. Department of Energy, China Energy Outlook 2002, Wang Qingyi,
“International comparison of unit energy consumption of energy intensive products in China
and its implications,” International Oil Economy, 2006, No.2, pp 24-30.

Consumer’s dependence on petroleum continues to grow. It is
demonstrated by the fact that the share of transportation in overall oil
consumption in many countries is up to 65-70%. (3) However, there is some
difference in consuming petroleum in different parts of the world depending
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on levels of economic development. Currently, the average oil consumption
for all automobiles is more than 20 percent higher than developed nations,
while for light trucks China’s is over 25 percent higher. (4) In any way, the
demand and the oil prices continue to grow with the growth of world
population and the needs of the global economy. As a result, the cost of many
goods and services (containing petroleum component) continue to raise and
hurt the competitiveness.

One of the more efficient and proven solutions to reach the desirable
degree of energy security is energy conservation. Research shows that its’ net
costs are 6.1, 6.2 and 7.0 times cheaper than the costs of wind energy,
hydropower and nuclear power as programs for reducing fossil fuel use and
corresponding CO2 emissions. (5). Conservation of energy may be defined as
an attempt to lessen the amount of energy consumed for the same needs with
the help of various tools (new technologies, new systems of production and
incentives to save energy, legislative measures, shift from production of goods
to service industries, etc.) According to the International Energy Agency,
“the supply and demand relationship in the energy system is not determined
primarily by energy supply, trade or energy markets but by end energy
services.” (6) According to another international structure -- The World
Bank, -- ‘market forces’ only contribute to approximately 20% of energy
conservation. (7) Just the opposite is true for the market when it comes to
immense consuption of energy in case of profitable business projects. Energy
conservation can be greatly supported through corresponding resolutions,
even ammendments to the existing laws making gradual improvement in this
area somehow obligatory and by encouraging investors to choose more
efficient use of energy.

In sum, energy security is the ability of the state to make available
requested amount of energy supply to the public and industries at
competitive (reasonable) elastic prices and with less harm to the environment
from diverse, preferably from renewable sources — both traditioonal and
alternative — through the use of adequate infrastructure, modern and efficient
technologies that bring to more conservation and secure reservation of
needed quantity of energy in accordance to principles of social justice and
lessening the dependence of economy from foreign sources through political
diplomacy and diversification of available sources controlled by the
government. Finally, it is also the capacity to maintain reliability of the
entire energy system operations and actually safeguard energy supplies,
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physical and informational energy infrastructures from various internal and
external threats.
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1. Energetic security is the security of energetic sphere of a State (States)
from external and internal environments, factors and processes, which may
constitute a threat to sustainable development of the sphere and to energetic
independence of the State.

2. The main obligation and the key function of the State in the field of
energetic policy is the provision of sustainability of society, safe-protection
and development, the deterring of possible threats to security of the State.
For that reason should be strictly determined a system of signs and indicators
of economic security. The mentioned indicators, marked with distinguishing
numbers, send tentative alerts about the upcoming threat and allow taking
measures for its prevention.

The issue of creation of cooperation between the energetic system and
the State is the issue of providing the economic security and new energetic
policy of the State, which is based on commodity (or productive)
opportunities and problems determined for providing the “sustainable
development”. Energetic system, as a combination of energy, economics and
ecology, is the main direction of the further development of Armenia.

3. In energetic system of Armenia have been recently implemented
fundamental reforms, which impacted both the economics and the social life.
Still being the basis of modernization of economics, energetic system in the
process of formation of modern conditions of human society viability and in
the context of sustainable development in the future, acquire features of
special social infrastructure. The amount of energetic production and quality,
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to a large extent, predict the security of economic subjects and citizens, the
level of standard of living and business activism.

4. The purpose of strategy of the RA energetic security is to determine
the main ways of achieving the determined level of energetic security,
compensating the absence of local energy reserves of industrial importance,
provision of economically available sustainable energy of accessible quality
on everyday basis, in a case of emergency and war®.

5. The recent reforms initiated by the RA Government relate to the
transition of Armenia to new, modern electricity market, the necessity of
which is caused by needs of internal market, as well as they are important
from the point of view of the use of opportunities of trade between States?.

For the liberalization of electricity market should be implemented the
transition to a new model of market, which will contribute to increase of
effectiveness of wholesale and retailing and the promotion of trade between
States will give opportunities to have certain elements of competition in the
local market.

6. Changes which have already been implemented in a number of laws
highlight the determination to implement a program by the RA Government.
The main purpose of changes are to:

» Determine (separate) the functions of the RA Ministry of Energy
Infrastructure and Natural Resources, the RA Public Services Regulatory
Commission and other public agencies;

» Transit from current regulating model of one seller-buyer market to
a new liberal model, adapt modern rules of trade, improve the system of price
regulation;

> Apply new tools for promotion of inter-State trade having as a
preference the security and distribution of responsibilities between the
participants of the market?..

19 Decree of the RA President of 23 October, 2013 N NK-182-N «On approving of strategy on
providing energetic security of the Republic of Armenia”, www.arlis.am

20 The protocol decision of the RA Government “On approving of program-schedule of measures
for liberalization of electricity market and development of inter-State trade of the electricity
system of the Republic of Armenia” of 27 October, 2017, www.e-gov.am/sessions

2l On approving the package of the RA law-projects “On Energy”, “On Licensing”, “On State
Fee”, adopted at the session of the RA Government of 7 September, 2017, www.e-gov.am/sessions/.
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1. In the program of the Republic of Armenia Government (2017-2022)
an important role is given to energy and energy infrastructures. In particular,
the following is determined on energy issue:

The Energy Policy of the RA Government is aimed at ensuring energy
independence and enhancing the energy security of Armenia, ensuring
regional integration and sustainable development of the energy sector based
on further development of nuclear energy, diversification of the supply of
energy sources and full and efficient use of local (renewable) energy
resources, as well as implementation of modern energy-efficient tools and
introduction of new technologies®.

2. From data of 2000-2015 on capacities of power stations of the RA
comes that during the mentioned period of time the capacities of all power
stations have increased for 126.5%. This increase was provided mainly by the
increase of thermal power stations (for 132.8%) and increase of capacities of
hydro power stations (for 125.6%). The capacities of atomic station during
the mentioned years has not been changed, of other sources (wind farms) has
been insufficient. The structure of capacities of the RA power stations shows
that in Armenia prevail thermal power stations (2000 - 55.7%, 2015 - 58.5%,
the increase has been for 2.8 percent point), the gross of hydro power station
in 2000 was 31.7%, in 2015 - 31.5%, the decrease was 0.2 percent point, the
amount of Armenian atomic station in 2000 was 12.6%, in 2015 - 10.0%, the
decrease was for 2.6 percent point.

3. The results of researches show that in 2000-2015 sufficiently was
improved the RA structure of electric balance, because was increased the

22 Program of the Government of the Republic of Armenia (2017-2022), pages 62-63, approved
on 19 June, 2017 by the Decision N 646-A.
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generated energy (for 130.8%), decreased the imported energy (for 3.7
percent points), or from the point of view of physical amount — twice), but
the amount of export increased for 174.8%, or increased for 4.6 percent
points. In fact, energy became one of the main exported types of industry.
Energy was mainly exported to Islamic Republic of Iran and Georgia.

4. In the Table 1 are listed the quantity, price of import and export of
energy from/to Armenia, as well as the price of 1000 kWh in 2000-2016.

Table 1
The quantity and price of energy exported from the RA and
imported to the RA, the price of kWh in 2000-2016

Years Export Import
Quantity, Price, USA 1000 Quantity, Price, USA | 1000 kWh,
thousand, dollars kWh, thousand, dollars price, USA
kWh price, kWh dollars
USA
dollars
2000 814853.5 20551593 25.2 352012.4 10253051 29.1
2003 279460.6 4590867 16.4 54226 779495 14.4
2011 1533066.1 87514495 57.1 204528.2 9463950 46.3
2012 1696152.9 95223952 56.1 98115.2 3344560 34.1
2013 1312942.9 77962320 59.4 147674.6 4309484 29.2
2014 1313610.5 81292080 61.9 205750.3 9512630 46.2
2015 1423699.3 81211936 57.0 173603.1 7685247 44.3
2016 1228772.1 60991134 49.6 275071.4 13998956 50.9

The table was formed and counted on the basis of statistical booklets of external trade of the
Republic of Armenia in 2000, 2003, 2011-2016 pywljuiht (according to the list of names of
external economic activities 8 — number, 10-number classification) www.armstat.am.

The data of Table 1 shows that the amount of energy exported from the
RA was the highest in (increase compared with 2000 was for 208.2%), after
which was decreased the amounts of export of energy (indicator of export in
2016 was the 72.4% of the indicator of 2012), totally the amount of export in
2016 if compared to year 2000 increased for 150.8%. The price of exported
1000 kWh was the highest in 2014 (61.9 USA dollars), which had a decrease
tendency later (the indicator of 2016 compared with 2014 was 80.2%). The
import of energy to the RA had the highest amount in 2016, when had been
the highest price of import (nearly 14 million USA dollars), as well as the
highest price paid for 1000 kWh of energy was 50.9 USA dollars.

5. For the purpose of research of purposefulness of export of energy
from the RA and its efficiency was used the theory of comparative
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advantages and were counted the coefficient of comparative advantages of
the RA external turnover and energy export. If in the Republic of Armenia
those coefficients totally had negative value, particularly for energy it had
high positive value, for different years it differed from 0.334 — 0.932. These
facts give reasons to note that the export of energy from the RA and being
the main player in regional market may sufficiently improve the balance of
payments of the State.

APPROACHES FOR ELECTRICITY TARIFF FORMATION
AND THEIR CONNECTION WITH THE MINIMUM SIZE OF
SALARIES

Elyanora Matevosyan,

Lecturer at YSU Finance and Accounting Department,

Candidate of Economics

Ashot Markosyan,

YSU Department of Management and Business:

Professor, Doctor of Economics

Sona Sargsyan

YSU Department of Mathematical modeling in Economics: Associate Professor

1. As it is known, the prices for goods and services in the market
relations are determined on the basis of supply and demand. But some goods
and services are exception to that general pattern (which are mainly
services), which are of public nature and importance. In other words, their
main consumer is the whole population or the substantial part of the
population. This peculiarity also dictates that the mentioned group set prices
(tariffs) for the services that will make available their consumption for the
majority of the population. The function of making the services accessible, as
a rule, implements the state-created bodies, agencies, committees, etc.

2. In the second half of the 1990s the European Union initiated the
liberalization of the electricity and natural gas markets. In 2003, through the
EU's directives approved the general rules for the internal market in
electricity and natural gas. They are set to open markets and give customers
the opportunity to choose their suppliers.

Since July 1, 2004 for industrial consumers and from July 1, 2007 for all
consumers those procedures have been set for all consumers (including
households). Some countries have implemented a drastic process of
liberalization, while others slowler, but have undertaken the necessary
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measures. As a result, in July 2009 the European Parliament and the Council
of the European Union adopted the third package of legislative proposals
aimed at ensuring the real and effective choice of suppliers, as well as
providing benefits for consumers. The third EU legislation reform package
was introduced in 2014, which aims to formulate integrated national energy
markets.

3. Based on the importance of electricity as a public service, the ratio of
the defined minimum wage and the amount of energy consumed by
households have been studied, as well as for a number of EU countries during
the period for 2013-2015.

4. According to the RA NSS data since the second half of 2011, the
minimum wage rate in Armenia was 32,500 AMD, which is 63.09 Euros. In
2012, these rates were as follows: 32,500 drams and 62,37 euros, in 2013 -
45,000 drams and 82,02 euros respectively, in 2014 - 50,000 drams and 92,78
euros respectively, in 2015 - 55,000 drams and 104,53 euros respectively.

In 2011, per kilowatt of electricity in Armenia cost 30 drams (or 0.058
euros), in 2012 - 30 drams (or 0.057 euros), in 2013 - 38 drams (or 0.069
euros). , 41.85 drams (or 0.077 euro), in 2015 - 41.85 drams (or 0.079 euros)
or 48.78 drams (0.092 euros).

If we calculate the cost ratio of 200, 300 and 400 kW /h electricity
monthly consumed by the citizen of Armenia (household) to the minimum
monthly wage, it will comprise respectively in 2012- 18.4%, 27.6% and
36.8%, in 2013- 16.8%, 25.2% and 33.7%, in 2014 - 16.6%, 24.9% and 33.2%
and in 2015 - 15.1% and 22.7% and 30.2%.

As you can see, during the period of 2011-2015, there is a positive shift
in the ratio of the value of the consumed electricity to the minimum wage
rate. For example, if in 2011 this ratio was 18.4% for the consumption of
200kW / h, then in 2015 it was15.1%.
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The electricity sector has a significant role in ensuring the public
security, social policy and economic development. Electricity supply and
consumption are integrated in flow processes, which can be represented by
the supply chain. A mix of policy, legal, regulatory, and institutional reforms
have achieved a remarkable result.

After Soviet Union collapse the electric power network design has been
changed. The reforms had their positive results but there are a lot of
challenges concerning of the infrastructure of the network. For example, the
losses in the transmission and distribution networks have been 15.1% of the
electricity production in 2010, but in 2015 it was 13%, while electricity
consumption during these years increased by 1.6%.

Armenia’s power market is not competitive. Although some unbundling
has taken place, Armenia’s power market remains a monopoly under a single-
buyer market structure. Network model of the supply chain of electrical
energy of RA consists of four main components: generators, distributor,
transmission service provider, consumer demand, the independent system
operator.

The difficulties of the construction supply chain for the energy market
of RA are

v’ Public services regulator, PSRC regulates tariffs on the market for

all market participants and electricity prices are set by an
independent regulatory

v distribution company is the only buyer in the market.

v uncertainties in electricity consumption,

v there are no comprehensive or consistent documents on Market

Rules; only generation regulations presented in several decisions
adopted by the Regulators. Despite considerable effort to develop a Grid
Code, it has not yet been adopted.

To improve the functioning of internal energy markets and resolve
structural problems, the EU sets energy market requirements for transparent
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market and network operations, competitive wholesale and retail markets
designed for consumer benefit, increased cross-border cooperation between
Transmission System Operators (TSOs), and unbundling energy suppliers
from network operators.

In this regard, it will be useful for our energy sector and economy to
develop a transitional market design with a scenario for gradual market
opening to competition, and moving from “regulation” to “deregulation” with
incentive-based regulation instruments.

The Energy Law does not comply with the EU requirements [1]. In
order to improve the functioning of the internal energy market and resolve
structural problems, the EU sets the basic energy market requirements that,
among others, covers the following:

e  Transparent Market and Network Rules

e  Competitive power and retail markets for consumers’ benefits

e  Cross-border cooperation between TSOs

¢  Unbundling energy suppliers from network operators?

These requirements are not clearly covered in Armenia’s Energy Law;
therefore, it should be substantially revised.

2Z BELBMABShUUSHh NLACSE OLTLUUY UL HYUTSSh
JELARONRESNPULL: TNRYUSE UULSUZLUAEOLE D
Ykhwiniy Uwpnipyud,
B2, winn. ghwn. p.
Unth luquipyul
B2, winn. ghur p.

Uwunwlwpupubph b puppunnutph dhol Ynnpphwgdwt gnpdpi-
pugp Jupkjh t hwdwpl] Juplnp wqquy 22-h tkplughu Bukpgbunp-
Juyh nnpunud: dnpd L junwpdty 4ipnwsty 22-h Eukpgbnhy hudw-
Jupgh jupquynpdut quownp b dkp Ynnuhg wnwewplyty L hknwqgn-
wnbk] npnp Eynundbwnphl dnnkjubkp, npntp Jupnn o tyuwunb) Eubp-
gbknhlj punupuljutnipjut thnthnumpiniubph hpujubtugdwn:

2 https://ec.europa.eu/energy/en/topics/markets-and-consumers/market-legislation.
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The development of green power production in Armenia: benefits and
costs: Cross-country differences in the structure of the electricity production
system can be explained by a variety of circumstances, including the level of
socio-economic development, the amount of national fuel resources, climatic
and geographic conditions and so on. In the paper, we argue that in the
current stage of permanent and severe threats to energy security of separate
countries and even entire regions, it is the totality of geographic conditions
that should be one of the most important parameters, responsible for the
“specialization” of the country’s energy sector. This perspective partly relies
on the presumption that designing long term objectives of the energy system,
the government, that cares about social welfare, should account for the
implicit necessity to reduce its economic dependence on other countries.

In 2014, around 42 % of the electricity produced in Armenia fell into
thermal power plants (that use imported natural gas), 32 % - Metsamor
Nuclear Power Plant, 26 % - hydropower plants and only 0.1 % - renewable
sources®. It is clear that from the viewpoint of the suggested geographic
principle, the current state of the energy sector is not favourable to Armenia.

Thus, we argue that mid and long-term development program of the
energy sector of Armenia should place particular emphasis on the relative
importance of alternative energy with the intention of gradual replacement
of traditional sources of energy. Such a development would render the
country-wide energy supply more efficient, more robust and cleaner and, in
the meantime, would decentralize the production process.

At the same time, it would be naive to assume that this process is
without potential difficulties and drawbacks. One important feature of green
power production, frequently documented by various researchers, is
volatility, coming from its dependence on weather and climatic conditions,
in general. Indeed, for instance, detrended (using Hodrick-Prescott filter)

24 http://wdi.worldbank.org/table/3.7.
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monthly series of electricity produced in power stations of Armenia
employing renewable resources looks like this:
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Figure 1: Green power produced in Armenia from January, 2003, up until March, 2017%.

The question is how the government, on the one side, and power
stations and regular consumers, on the other side, should deal with such a
volatility. In this regard, some European countries have occasionally made
use of strategies, such as demand management, storage of electricity (in
pumped-storage plants), double structure systems, buffering strategies and so
on%. In all these examples, there is one thing extremely important for
efficient operation of the respective systems, namely, the ability to predict
the future “states of nature” that will confront individual production units.
To put it simply, it is essential to ascertain the probability with which the
climatic conditions will be, for example, favourable to the given power
station (and, hence, its output will be relatively high) in the following period.

Thus, below we suggest a simple structural framework that allows to
better understand the implications of the uncertainty in climatic conditions

for the production of “green power” and provides insights into calibration of
the probabilities characterizing this uncertainty.

5 http://www.psrc.am/am/sectors/electric/reports.

% Auer, H., and Haas, R., “On Integrating Large Shares of Variable Renewables into the
Electricity System”, Energy 115, 2016, pp. 1592-1601.

Bertsch, J., Growitsch C., Lorenczik S., and Nagl S., “Flexibility in Europe's Power Sector — An

Additional Requirement or an Automatic Complement?”, Energy Economics 53, 2016, pp. 118—
131.
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Modelling the risk of climatic conditions: The initial notations
necessary for the formulation of the problem in continuous distributions are
as follows:

o W —the level of water flow in the part of the river near the
hydropower station; W € [0, W] with density f(W) and distribution
F(W),

e E(W) —production of electricity as a function of the volume of
water; an unknown function and the choice “variable” of the model,

e C(E(W),W) —total costs of producing electricity in the
hydropower station; a known composite function of W,

e P —the price at which the hydopower station sells electricity to the
distribution network operator; a given number which will be interpreted as
an average revenue and be made dependent on the state of nature for the
purpose of consistent calibration of the discrete version of the model,

e E(W) —the optimal size of the production in the given
hydropower station, a given function,

e [T —the minimum necessary level of profit, a given number.

Notice that all of the aforementioned objects are given except for E(W).

Assumption: The average cost of hydroelectricity production is
independent of the production level, implying that the total cost function is
linear in output, i.e.,

CEW),W) =c(W)+EW),

where c(W) is a given function of the average cost.
The objective function of the hydropower station, that is concerned

about minimizing the risk of climating conditions, is defined as follows:
w

RIEW)] = [ [EQW) = Q)P FO0)aw. )
0
Designing the optimal production schedule the company should not
forget about its minimum profit requirement. This constraint is formalised in
the following way:

w
MEW)] = f[P — cWEW)F(W)AW = LYW € [0,W].  (2)
0

Notice that, by definition, R and II are functionals depending on E(W).
Further, the problem of the hydropower station takes on the following form:
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max R[E(W)] 3)

subject to
NEW)] =1,vW € [0,W]. 4)
The solution to the discrete version of the model is the following:
E — & Lige (P —c)(ee —¢) | = P —c
O ILm (P -y Lam (P —c)?’ -
=1,N

where N is the number of states of nature.

Our objective is to calibrate equilibrium values of probabilities given the
relationships in (5). That is, we are interested in probabilities under which
the model (3)-(4) reproduces the actual production data as closely as
possible?’. Because the model is based on the assumption of “random” water
flow, these probabilities, in fact, would reflect the risk of climatic conditions.

We apply a special version of this methodology (with three states of
nature, H (high), M (middling) and L (low)) to the quarterly data of
“ARTSAKH HEK” OJSC, a medium-sized hydropower cascade situated in the
Nagorno-Karabakh Republic and obtain the following probabilities: mj; =
0.36, Ty = 0.45, m; = 0.19.

These numbers can be interpreted as follows: given the uncertainty in
the water flow, in the subsequent quarter the climatic conditions will be
favourable (middling, unfavourable) to the production of electricity in
“ARTSAKH HEK” with probability 0.36 (0.45,0.19). Hence, it is most likely
that in that quarter the level of the production of electricity in “ARTSAKH
HEK” will be either high or low.

27 This procedure can also be interpreted in the following way: we ask what values the
probabilities would take on, if the hydropower station operated in an optimal manner.
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Swupkgnwuph wybkjugnn LEjupwuwppuynpmdubph oquugnns-
dudp Juplnpynud E Eubpqunbuynnmpiniup (Ev) b wyt upbinpnd k
ny dhuyt Eutpghugh phy oquuugnpéuundp, wy Fukpghuyh nughntuy og-
nwqgnpddwdp, npp Wuydwbwynpus L hwuwpulnipyut nknbjugdu-
dnipjudp b Awdnpyny Lukpquupynibwdtwn Juppugsny (EU):

Ushumnnwipnmid ukpuyugyl) £ EUY, dbhwdnpdwt npny dkpny-
ttkpp Yhpwndws 2013-2016 pp. Zwjwunwih Ykpuiwubqinny Hubkp-
gbnipjuygh b Eubpqupubwnnmipjut hhdtwgpudh  (29EE)  Ynnuhg
hpwljwbwgynn Ev dpwugph opowtiwlynud:

EUY, dbwynpdwt wpwyb] wpynitwgbn dkpnnutphg £ qubqu-
dughtt jpuunduidhongutipny hwdpunhwunip hwipwjhtt hpuqbynudp,
nph tywwnwli E wewlghy, upwit), EU ubpgpnidubkph wewdbjnipjut
Jbpwpbpu hwiipuyhtt hpugqtjdwt pupdpugdwip, B phdugh onipe
ntumidbwuhpnipinititbph qupqugdwnp b Yppntpjut odwbnuljdwn:

EUY-h dhwynpdwld hwipuwjhtt hpuqtynud Jdbkpnnp pungpyby k
Ukbwpwtwly, pmquuptiniype dhongunnidubp. mnkjunduljut ptpphl-
ukphg dhsh nhdtipkugus mbnnnipjudp nmknkjunuljui nkuwiynt-
R, dibo-Unpliphg dhtsl phpwju fudptph htn hwighynidukp, hwtpw-
Yppuwlut hwunwnnipmnitiiph wowlkpnubph opowinid BV wpnnt-
twbnmpjut Jkpupbpuy Yppulut Uhgngunnidutinhg dhtslh hwpw-
jhtu puttwpynudutp, pnp-pnniukphg dhty mywugqpujui b LEjnpnbwgh
duunynud hpuwwwpwlnudubp b wpt: Ev wpynibpubpp guydwbw-
Unpdws B hwbpughtt hppugkljdudp quiiqlusught jpundudhongib-
nh, mbntjunyuljut wppwdubph b wy dhongunnidubph hpuljwbwg-
undp, Yuplinp b twl phpwh fdpkph ptunpntppudp b phpwh opkph
opownid Juwwpyny dkpnpubph punpmpjudp @ jhpundwdp, npp
pipnud E ny dhuytt punhwiunip BEv ghnbjhpubph pwpdpugdwp, wyp
twl wywhnymd E wndju nnpnptt wnbsynn whdwbg Ev Juppugsh
Alunpnudp: @hpwiu udpbph opewlnid junupwd wolruinwbipp” pw-
hwqpghn Ynnutph dwubwlgnipjudp, ujuynmd L hwinhwynud-putiup-
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Ynudubph wiugugnidhg: Fhpwu judpbph hkn hwinhynid-putwpynid-
ukphg Eu tnkp 22 YL, UL ywuunwupiwbwnnt tkpljuyugnighsubph b
ponp fNPZ-tph nhjwdwupubph, Zujwunwuith wjuquuhubph wunghw-
ghuyh ubkpluywugnighsutinh, Gphwth punupuy binwpuwh nEjudupuk-
nh b wouwwnwyhgubph, 22 hwpwyht jnphpgh, 22 dwpquyht b Gphwb
punuph hwbpwjppuljut nupngubph nEjudupbbkph, nwpwspuh
Jurwjupdwt dwupdup tkpjujugnighsutph, wqquyhtt qpunupuih nk-
juwyupnipjut htn hwunhyndubpp: Puswybu tjunnmd Eup, wnwbd-
twgyk] &b wytt hwiupwyhtt nnpnubkpp, npnkn Elv dhgngunnidubph
Yhpwonidp phipkp £ EUY, dbwdnpdwt dnyynhyhjunhy EpEjunh: Uuu-
twnpuy bu hwtpulppuljuit hwunwnnippiiubph tmtopkutph htiwn
«Eu-p 22 Yppuljut hwununmpnibibpnud. hpugnpsyws spugpkp b
qupqugdut hbtwpuwynpnipnitubpy phduyny pubtwpynudubpp?, gnyg
wnykghl, np hwipuybnnipjut Yppnipjub npnpnh yuunuuppuwbwnnt-
ukph hbkwn putwpynudubph wpyniupmd onipe Eplnt nwulywly nupng-
ukn pungpyykghtt Z4EE hpdtwnpudh Ynnlhg wighugynn Ev spugpt-
nnud, nph wpyniupmd Spugpnid pungplydws nupngubpp niikgu kv
pwpdn gniguthoukp?: Uhuyt 2016 . ognuinnuhg dhts 2017 . ubyunbd-
ptiph 30 pujws dudwbwjuhwndusnid Z9EEZ Ynnuhg hpuuibwugdwus
Uhongupnidtbnh wpgniupnid wuuyyny Elu-p 363 631 672 §dw/d L,
EU-p 37 %, hulj CO2 wpunuubkwnnidubph Ypdwnnidp 125,606 intiiw®:
EUY dbwydnpdwit dkpnnubkphg t nupnguljubbph oppwtnd Elu
ghwnbjhpukpp dbwynpnn b qupqugunn dhgngunnidubkph wuglugnidp:
Elv yEpupkpuy hpuqbldwsnipmniup pupdpugibint tygyunwlnyg wyhwnp
E uquultpul) b wugugut] Ev phduyny nuubkp, nuu-dpgnypukp b
jupswljut  dpgnyputp, wpnwnuuwpuwbulut  wyluwwnwipibp,
npnip Juyuuntt hwbpulppujui b wjwug nyuypngutph wowltpwn-
ubph opowtnid Ev Jtpwpbpju) ghwbihpubph ubpdwbdwip, tpubg
Jtugunuyupnipjub dke Ev Upowlniyyph tkpudnisdwbp nt uvnnugus gh-
wbkjhputinh Yhpwundwt jpwpuniudwin: Zwbpuyppulwd nupngubph
wowljipnutph b nijuwjup whdtwfuqdh opowtnid whghugdus
tdwbwwnhy dhongunnidttph ntunidbwuhpnipyniiubpp gnyg B nidky,

28 http://r2e2.am/am/2017/02/02/meeting-with-the-heads-of-the-educational-institutions/
2 http://r2e2.am/am/projects/energy-efficiency-projects/
%0 http://r2e2.am/wp-content/uploads/2017/10/Newsletter.pdf
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np tpwig Unwn pupdpwughl] ki Ev ghnbjhpubpp twb YEugunudupnt-
Pl Uk

21-py nuph Eubkpglnpl punupwljuinipyut hhdbwlwi dwupunw-
hpwdbtp phwlsnipjut wdp, 2010-hg dhtish 2040 puluip juybjubw
wykjh pwl 25 winjnuny b wohiwphh puwlsnipniup hwuth qpbpt 9
Uhihwpnh, hull mupkgunuph wykjugnn ptujub nkuniputiiph vywnnt-
Up b mbnbuwljut qupqugnidp fhwbghkgukt tukpqujhputph gquhwb-
oupih wght: EUA dbwynpmudp htwpwynpmipinit juw pupbjuygby
uyunnnibph wuydwbiubpp, vnwbwiny wnwyk] pupklignipmnit, tub
ynpdwintinyg CO2 quqbph wpunwibnnudubpp:

Stuyhtt mbnbumpniubkpp qniply Eu pughwinip b wupq nbnk-
Juinmpiniihg, ph husyyk u wropyw Yyutpnid Yhpunk) B Juppughs:
EUY Alwynpdwb dbEpnnubphg wnbntjundulub-pupngsujut gn-
Juqnubpp jpuginid ko wju pugp: Uju dkpnnh hwdwp yhwnp E punply
jupquunuubtp, npnug tbppn Ygnuqnykt hpuljubwugynn B spw-
gpkpp, dkpnnubpp, wpymiupubpp: SEnkjunduljub-pupngswljut gn-
Jugn LEyunpnuuwght pububptbpp whwnp E mbnqunpl) htnkpibnwght
pupdp Jupljuithy nibikgnn Yujpbpoud, nbwh wwpnnbwlub Juypp
wnwnn hhybphynudng, npunkn k) jubnijutut hpuljutugdng jud
hpwjwbwgws spwgpbinh wppyniuputph dwuht, jud junwbub w-
nuiybt] unpugqws Elv ghnbjhputp: Uwubwnpuybu pwubkpttph hw-
dwip bywwnwluyght Yihth ophtiml tdwtmnhy nbknkympiniuubph og-
nwqnpsndp32:Zuyuunnutit nith wpbwjht tubpghugh dbs ubpnid b
wplhg ZZ nipupwisnip 1d? wuddwp vnwind b Jky pupl] bwdpe:
EUM dbwnpuwb dkpnyibphg b bwl nkntjunjulub phpphyukpp
1hdinutpp b nnpunh qupgqugdwi juughpubpp nruwpwing $hydk-
pp®,3%, npnip Yubpyuyughbkl, phk hiyn™ E B juplnp 22 hwdwp, B
Uhongupnidubph wnwybjnipniitpn, hwonnws thnpdh ophttwljutipp,
dtinttwplydws Elv dhgngunnidubpp, nnpunh dbknpphpnudutpp b ERv
nnpnh qupqugdwip junspunnuinng hhdbwfwt wpgbputpp: EU
Atwnpdwt dbpnnh wppnibwdbnmpniup quydwiwynpjus b awb
Eubpqu-uyyuennutpht Elv dbpupkpu) mipynn nmknkjunynpniuubph
npudunpdul pupnitwjuljut punyphg, npp Joquh tpwig £hown huy-

31 http://r2e2.am/am/2017/02/02/energy-efficiency-lecture/
32 http://www.minenergy.am/page/466

33 https://www.youtube.com/watch?v=8xvBvHEHnkA

34 https://www.youtube.com/watch?v=D5EvU_9S7-0
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Juplt] Ev ognnuljupmipinii hpkg hwunwnmpniutubph hwdwp b
ubthuljut jhugunuyupnipjut dke: EUA dbwynpdwt hwdwp hunbp-
ubnn dhowdJuypnud Elv Jbkpwpbpu) wbntjunduijut yniptph wyk-
Jugnudp, Ypkph twl hbnwppppdnnubph, wyn pdmd hu]wbwljwi
ubpypnnubph hwdwp 2Z-mud hpujutwgyny B dhongunnidubph, wp-
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bwuhpdwtip:

FACTOR ANALYSIS OF NATURAL GAS CONSUMPTION.
THE REASONS OF A CHANGE IN CONSUMPTION IN RA

Tigran Qaramyan

YSU, Faculty of Economics and Management, Bachelor
E-mail. tigran-met@mail.ru

Supervisor: Prof., Dr. Aram. Arakelyan

Exploring the 2010 — 2017 gas consumption data in Goris, which is a
small city in the south-east of Armenia, it was found, that the dynamic of the
gas consumption had changed( increased) over the last year in spite of the
fact that new gas consumers( big organizations, gas stations, residential areas,
etc.) hadn’t appeared and there is no positive change in the rate of natural
and mechanical increase of the population. The main goal of this research
work is to find the reasons of the consumption change.

With SPSS we created an ARIMA(3,0,2)(1,0,1) model, that describes
what influence human behavior, constituents of the gasflow (absolute
pressure and delta pressure on the taper) and climate(temperature) have on
the gas consumption.

YA =8,061 +2,573Y N 1-2,247Y 2+ 0,672Y 3+ 1,581101 - 0,643 (12 +
0,98Y*v-1(sEa8) + 0,7701-1(sE45) + 0,028 D - 0,026F - 0,007TA

BJ-type time series models allow Yi(current gas consumption) to be
explained by past 3 values of Y itself and stochastic error terms. Here we also
add some important variables like temperature, absolute and delta pressure.
So, what did this research give to us? We found out that if one consumed
more gas at this t period, the probability that he/she would continue to
consume gas at next (t+1) period would be high. In this research work we use
hourly data for more accuracy. In other words if someone used heating
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system at t period at cold weather he/she would probably continue to use the
heating system at (t+1) period. And if at (t-1) period the consumption of gas
increased by 1 point it would increase the current gas consumption by 2.573
point. But, as one can see, the current gas consumption is negatively
dependent on the (t-2) period consumption, because the person who had
used the heating system at the (t-2) period gained some satisfaction and
he/she didn’t intend to use the heating at the next (t-1) period. So, if someone
increased the consumption of gas at period (t-2) by 1 point, the person’s total
consumption of gas at t period would decrease by 2.247 point. Another
significant influence on gas consumption have the moving average of the
current and past error terms. Now, let’s discuss what effect the temperature
and other factors have on gas consumption. As we can see, an increase in
temperature by 1 point brings an decrease in gas consumption by 0.007 point.
Simply saying if the temperature rise by 1 point gas consumption decrease by
7 m3. The same way goes the explanation of the change in delta and absolute
pressure. When the absolute pressure increases by 1 point the current
consumption decreases by 26 m? and when the delta pressure increases by 1
point the current consumption increases by 28 m3. Delta pressure shows how
fully the pipeline is “loaded”. What do the last sentences mean? Well, as the
temperature rise the consumption of gas is decreasing. When the gas
consumption is decreasing it make the absolute pressure in pipelines to be
lowered, because now at the same level of absolute pressure people would
consume less gasoline and some extra gasoline would appear. That’s why
when the temperature goes up by 1 °C the consumption of gas will decrease
and the absolute pressure coercively would be decreased.

The most powerful factor that affects the consumption here, in Goris is
the prices. In 2016 Gasprom Armenia lowered the prices of gasoline
connected with the decrease in prices of oil and gasoline in outer world.

In order to find out the influence of the outer world on the gas
consumption in Armenia we created a SVAR model with EVIEWS 9. VAR
methodology superficially resembles simultaneous—equation modeling in that
we consider several endogenous variables together. But each endogenous
variable is explained by its past values and the lagged values of all other
endogenous variables in the model. A SVAR model can be used to identify
shocks and trace these out by employing IRA(impulse responses functions)
and/or FEVD(forecast error variance decomposition) through imposing
restrictions on the matrices A and/or B. Incidentally, though a SVAR model
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is a structural model, it departs from a reduced form VAR(p) model and only
restrictions for A and B can be added. Here we used gas consumption data in
Syuniq from 2010 to 2017. One might think, why Syuniq? As was said before
about Goris, new organizations, gas stations or just big gas consumers hadn’t
appeared and the conditions here is very close to ceteris paribus ones.

In this SVAR model we have 3 endogenous variables: natural gas
consumption in Syuniq(F), exchange rate(USD/AMD)(M), Brent Oil
Futures(O).

The prices of natural gas are connected with the prices of substitute
commodities, especially with oil prices. Let’s discuss a situation. With the
increase of the oil supply(in 2014) the international prices of oil will start to
fall. As a result, ceteris paribus, the flow of US dollars to such major natural
gas exporting countries such as Russia will be reduced. As a result of the
reduction of US dollars supply in exporting countries the exchange rate will
be changed. In particular, the devaluation of the Russian ruble will increase,
ceteris paribus, the volumes of Russian net export. Consequently the import
of natural gas in Armenia will increase.

eoc=-0,010233u0¢
emt= -0,001221u0:+0,044522umt
ert= -0,013055u0:+ 0,052549upm; + 6,18225up:

The system, represented above, shows the influence of the outer world
on gas consumption in Armenia. u’s represent the shocks of endogenous
variables, e’s represent the changes that these shocks cause.

LLL-LIFE LONG LEARNING AS A GUARANTEE OF ENERGY

EFFICIENCY AND RENEWABLE ENERGY USE
Sona Hayk Sargsyan
YSU Department of Mathematical Modeling in Economics:
PhD in Economics, Associate Professor

Key words. Energy efficiency, renewable energy resources, LifeLong-Learning,
education, environmental pollution

Energy-efficient solutions, both in production and consumption, are
among the priorities in the world. The same can be true of the use of
renewable energy. The Republic of Armenia, as a country importing energy
resources, is not indifferent to such problems.
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An innovative educational model widely used in European countries,
LLL-Life Long Learning and its possible application in different sectors of the
economy and particularly in the field of energy were studied.

The article presents the potential of renewable energy in Armenia,
relevant legislative framework and the programs associated with its use. The
opportunities for introducing the Continuous Education model, its impact on
household energy efficiency improvement and renewable energy useage are
explored.

The results of the sociological survey conducted in Yerevan and marzes
were the basis for the analysis. The objective was to identify the awareness of
the different social layers of the population on energy efficient technology
solutions, the use of renewable energy, the implementation of measures to
increase energy efficiency and so on.

According to the received data, the majority of the respondents, both in
Yerevan and marzes, were not aware of the possibilities for the use of energy
efficient solutions or, were aware to a certain extent, but they do not use
those opportunities in practice.

Drawing on above mentioned results, the need to introduce Life Long
Learning model both in energy production and consumption fields, is
justified.

The opportunities of implementation of LLL model at different levels of
education, and its impact on reiseing of awareness of people in the field of
energy efficiency have been assessed.

20U 2USYNAN, (LLL-LIFE LONG LEARNING) u® ENRE3NFLL NQPIEU
ELEruUUNMBNPLUIESNRE8UL B, 4B UTULA LY NN,
ELGraGShaUSk O2SUANOUUL GIUCIVbL
Unbw Uuipquyuls
ENZ nlnkumgpwnnipyul Ukp dupbdunnpjulpui unpljun/npdwi
wphnih pngkinn, nbwn. ghwu. p.

Pwbuyh punkp. Fhkpquuupynibunjbnnipndl, JEpulubqiyng Fakpqunk-
umpulblbp, «Iphnphunnng ppniypmniiy, EFhkpglwnpl qpnughwnnipiul, spowlm
Upowjuyph wpyunmnywdnipinti:

Ushuwphnid Eubpquupmynitwgbn nisnidubpp, htyybu wpuwy-
poipjul, wjiybu b vyundwb mbuwtlyniithg, wowetwghuitiphg t:
‘Lnyjup Jupnn b kpuptpt] twb JEpujuiqynn tubpginplugh oquw-
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gnpsuwt hhdtwjutgphi:  Zwjuunwbh  Zwbpuybnnipmiip npubu
Eukpgbwnhly nbumipuubkp tbpypnn Ephhp, widwut st wpdws juughp-
ubphg: Uojuwwnwipmd niunidtwuhpdt) b GYpnyulut Gphpubpnid
[yt nwpusmd niikgnn hindughnt Yppwljwi dnykp’ «2phnhwnng
Ynpnipeni» (LLL-Life Long Learning) b npw httwpwynp Yhpwnnipnti-
tkpp minbunpyub nuppkp hunduwsibpnd b dwubwdnpuybu’ Babkp-
gknhlujh nnpunid:

ENERGY RESOURCES EFFICIENCY
Styopa Tsarukyan
PhD student, Department of Mathematical Modeling in Economics, YSU
Prof., Dr. Aram Arakelyan
Melania Abgaryan,
Master Student, Department of Mathematical Modeling in Economics

1. The system of automobile gas filling compressor stations (CNGS) has
been created in 1980% . Currently a network has been developed in various
regions of the world and particularly in Armenia. CNGS were located outside
of urban area in neighboring regions of highways during first years of the
creation. Consequently, location of CNGS in district roads caused difficulties
for consumers and simultaneously didn’t allow stations to provide a
flexibility of gas supply and increased a time needed for cars gas filling.

The process of significant increase in prices for gasoline and diesel fuel,
comparable cheap prices of natural gas and using compressed gas transport
elaboration advancement, changes in the structure of country automobile
routes caused needs to expand the number and locations of CNGS and move
compressed gas stations construction to urban areas. The process of the
decreasing of the number of liquid fuel stations was initiated as a
consequence of state energy saving police implementation and
environmental problems solution determined new concepts and approaches
targeted to the use and expansion of compressed natural gas stations. Thus,
the operation of the CNGS network caused needs to study problems
providing its elaboration, finding ways to study problems associated with the
energy saving and efficiency of the use of automobile compressed gas. The
development of methods providing an increase operational efficiency of
CNGS network allowing the solution of above mentioned problems are to be
as follows:
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i) to optimize the structure and density of locations of CNGS in urban
areas;

if) providing locations of CNGS in areas which are available for motor
vehicles;

iii) solution of problems associated with environmental safety and
chemical and fire security providing the prevention of accidents and
air pollution and green house gas (GHG) emissions.

Following to requirements associated with operational efficiency of
CNGS the mathematical model of the CNGS network is developed. The
model allows to solve problems targeted to the solution of problems of
strategic management of the network of CNGS, find most efficiency
compressed gas filling station among the existing network, assess the level of
the efficiency of its operations. The algorithm providing the assessment of
the efficiency of each CNGS operating in the network is developed based on
the model of its optimality. The model of the optimality of the network of
CNGS is based on the objective function developed on the demand associated
with the time and duration of compressed gas filling, management of the
queue of cars waiting in the line. The model allows recording the number of
surveyed pay day (week, month) cars, the volume of natural gas supplied to
cars.

The model allows to solve problem associated with fire and chemical
security of the CNGS network. Simultaneously, the model provides the
assessment of circles of the compressed gas demand (daily, monthly) and risk
assessment also. Using the methods based on the CNGS network model
results are obtained as follows:

(i) the assessment of the size of CNGS;

(ii) a supply schedule for the supply of compressed gas for motor

vehicles:

3. increase the performance of CNGS network operations.

Energy resources (natural gas and crude oil) prices fluctuations have
significant impact on world economies independently is the economy
developed or developing, is the economy energy resources exporter or
importer. Consequently, energy resources prices fluctuations have
influencing behavior and world economies are suffering not only from prices
fluctuations but also are suffering from energy resources market shares
changing. Energy resources prices fluctuations performed as two circles highs
and lows and its study showed that OPEC changed the strategy concerning to

73



oil prices associated with the defense of the market share. Energy resources
prices fluctuations have uncertainty nature. Consequently the study and
analyzing of the feature and progress provides needs to develop methods and
approaches allowing forecasting its future behavior and both assess the level
of the impact on different economies and the nature of the volatility and its
consequences exhibited by shocks to demand and supply.

Historically existence of the trend components is the feature of energy
resources prices time series. Consequently, an approach based on the
decomposition of circles and frequencies of energy resources prices time
series is the problem considered the study and the assessment of its circles
and frequencies is implemented in current research. A mighty energy
resources prices time series fluctuations impact on some economies GDP
growth behavior (developed, developing, energy resources importing and
exporting) is implemented in current research.

Development of this approach providing the assessment of energy
resources prices elasticity of demand and supply and the study of its behavior
allowed author to get a decomposition of the elasticity score time series and
present it as separate frequencies and circles. Thus, an impact of energy
resources prices fluctuations and the assessment of the impact of prices
shocks on an energy resources producing and exporting economies has being
implemented in current research.

Conclusion. We argue that energy resources prices have both
fluctuating behavior and uncertainty nature which is suggested through the
study of its time series spectral analysis and the impact on the exporting and
importing economies independently is the economy developed or
developing.

We argue also that energy resources prices fluctuations is mighty
scorecard to assess the economy growth nature through the study of its
impact on the economy GDP and inflation behavior. We argue also that
energy resources prices fluctuations time series decomposition showed that
circles are heterogeneous in length and have different frequencies.
Consequently, GDP and inflation of economies are gaining fluctuating
behavior.
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