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A methodological approach and a mathematical model are presented to forecast the final
consumption of fuel and energy resources taking into account the energy saving poten-
tial provided by the changes in the structure of economic activities, and the specifics of
implementing energy saving measures in Ukraine's production and non-production sec-
tors. Calculation-based forecasts are given with regard for the final consumption of fuel
and energy resources and the energy saving potential resulting from structural changes
by the consolidated types of economic activity.
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Forecasting energy consumption has been the
focus of numerous scientific efforts undertaken,
inter alia, by the Institute of General Energy of the
National Academy of Sciences of Ukraine [1-3].
Investigations of the influence of structural eco-
nomic changes on energy consumption within sec-
toral structure of the economy were initiated in
paper [4]. The feature of these investigations is con-
nected with the fact that the energy consumption
forecasting model takes into account the energy
saving potential (ESP) provided by structural
changes in the economy where its structure is
formed by the kinds of economic activities (KEAs)
in accordance with KVED-2010 classifier. It also
makes allowance for the specifics of calculating
indicators used to forecast energy consumption
broken down by KEAs pertaining to the production
and services sectors.

The implementation of the mathematical model
to forecast fuel and energy consumption levels taking
into account the energy saving potential in the con-
text of structural changes in the KEAs-structured
economy is based on the following provisions [5]:
© O.YE. MALYARENKO, N.YU. MAYSTRENKO, 2015

- in the country's economy, we single sectors out
that integrate the kinds of economic activity where
aggregate statistical accounting is maintained with
regard for the consumption of fuel and energy
resources (FER);

- changes that take place over time in FER con-
sumption are analysed with changing gross value
added (GVA) of the the kinds of economic activity;

- analysis is carried out for the rates of charges in
FER consumption linked to changes in GVA, i.e.
structural changes in the economy;

- based on the retrospective structural changes
and taking into account the trends of development
of the GVA generating units, alternative forecasts
are proposed of the GVA provided by the kinds of
economic activities with equal value of forecasted
gross domestic product (GDP) of the country;

- we calculate the FER consumption levels bro-
ken-down by KEAs and as a total for the country
with a fixed energy intensity of GDP and GVA in
the reference year and different alternative GVA
volumes by KEAs given a steady GDP in the fore-
cast year. An increase in the share of energy-inten-
sive sectors in the GVA contributes to increased
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energy consumption in these sectors and country-
wide. On the other hand, an increase in the share
of not energy intensive KEAs will favour decreas-
ing the FER consumption. Structural changes in
the economy, involving changes in energy con-
sumption due to variations of the share of a certain
economic sector (consolidated sections) in the
GVA are traditionally termed inter-sectoral
changes. Within the economic sector, a discussion
is given on intra-sectoral structural changes result-
ing from the decrease or increase in the share of
certain production the kinds by KEAs, which form
this sector. According to the Standard Industrial
Classification, sections are singled out to form
consolidated sectors such as: agriculture (including
crop growing, animal breeding, mixed farming,
forestry, and fishery), industry (including mining
and processing as well as the energy sector: the sup-
ply of electric power, gas, steam, and conditioned
air, water supply; wastewater disposal and waste
management), transport (transportation of passen-
gers and goods by railway, road, water and air
transport and supply of gas and oil by pipeline
transport), other the kinds of economic activities
(education, culture, healthcare, public assistance,
trade and public catering, public administration,
and provision of other services (legal, financial,
insurance, etc.)

The economic and mathematical model for
assessing the influence of structural changes on the
energy efficiency and energy consumption of the
country's economy determines the total volume of
energy saving AE’_ resulting from inter- and intra-
sectoral structural changes in the economy with a
chosen s-structure of GDP in the t-year and is cal-
culated by the following formula:

A =Vipp (e};,x_ _e;\(‘ ):VéDP' Ae;\/_\r 7 (1)

where Ae}f is the difference between the energy

intensity of GDP in the reference ( Ae};,\ ) and t-year

( Aey, ) given the s-structure of GDP; Vi p s the
volume of forecasted GDP in t-year.

Equation (1) has the following constraints:
1) in terms of GDP energy intensity:

ey, <ey; )
2) in terms of the structure of GDP production
(GDP structure by consolidated sectors of the

economy):

/
xp =1 (3)
1
where P isthe share of GVA of the i-sector of the
economy within the GDP structure;

3) in terms of the GVA structure by KEAs (the
structure of an separate sector by the kinds of eco-
nomic activities):

& 1
2=, “4)
t
where 7, s the share of GVA of the g-kind of
economic activity (section) in the GVA structure of
i-sector of the economy.

In order to perform computations, it is necessary
to calculate the aggregated energy efficiency indica-
tors for the economic sectors formed from a certain
set of the types of economic activity. Forecasted
indicators are determined at a fixed energy intensity
of the country's GDP and GVA of a separate sector
for the reference year and alternative GVA struc-
tures. Alternative calculations for the GDP energy
intensity given different s-structures of the economy
in the t-year determine the most efficient structure by
using FER under condition of one maximal reduc-
tion of the GDP energy intensity: A e;;,f’ — max
given V;pp= const.

The changes in the energy intensity of GVA of
i-sector of the economy in t-year of the forecasted
period against the reference year depending on
changes in the GVA structure due to intersectoral
changes over the period (» — ¢) with the s-structure
of GDP production are determined according to
the formula

Ael‘_’xc[ = e,{‘ ‘A P,{:_[ B (5)

where Ap™'. is the change in the share of GVA of
sector in the country's GVA structure against the
reference year structure; €', is the energy intensity of
GVA of i-sector in the reference year.

The changes in the energy intensity of GVA
depending the set of intra-sectoral structural
changes at the fixed structure of its g-production in
t-year of the forecasted period against the reference
year are determined according to the formula

0
Alela 2= z Ae;l‘ =e’ -Ar/™,

4, 4,

(6)
g=I

where At g is the change in the share of g-produc-

tion in the GVA structure of i-sector of the econ-

omy against the reference year structure; e(’ll is the

s
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energy intensity of GVA of the g-production that
makes part of i-sector in the reference year.

In energy efficiency studies, the efficiency indi-
cators were determined at the following hierarchi-
cal levels: the country, economic sectors, and the
kinds of economic activities.

The changes in the energy intensity of i-sector in
the t-year due to inter- and intra-sectoral structural
changes for the period (r—¢) are determined
according to the formula

Ae[" =Ae" s, +Ae" s, . 7
Accordingly, Ael" = Z Ael™

Energy consumption, which takes into account
inter- and intra-sectoral structural changes in
GDP given the s-structure of its production in the
t-year of the forecasted period against the reference
year is determined according to the formula

/
E, = e}rv“ ) VCi‘DP - ZAei’:it ) VCtiDP . 8)
i=1

The energy consumption level in the i-sector of
the economy in the t-year of the forecasted period
subject to the implementation of energy saving meas-
ures and carrying out intra-sectoral structural
changes in the s-structure of GVA against the refer-
ence year can be assessed using the following relation:

Ga, Z v (el +aet), )

where V¢ G4, is the gross value added of i-sector of
the economy with the s-structure of gross domestic
product in the t-year;

is the volume of g-production that makes part of the
V, i-sector in the t-year.

Determining forecasted energy consumption
for the kinds of economic activities pertaining to
the production and services sector has its own spe-
cific features.

E' =¢

Is Is

The model for calculation of the forecasted
energy consumption level ELmd,//_ by the j-type of
energy resource in the production sector of the g-
kind of economic activity in the t-year can be stud-
ied as a functional relationship between the follow-
ing arguments:

t —
prod, :

(10)
t t ! t
f( q° q’ prod ,eprou'q./"Kq’ﬂ 'PSEst

where o g is the load factor of m-equipment of the
plants manufacturing products pertaining to the
g-kind of economic activity in the t-year;
N g is the installed production capacity of the plants
manufacturing products within the g-kind of eco-
nomic activity in the t-year;
e [',‘,,Odqf is the energy intensity of manufacturing
products with the existing equipment (the base-case
scenario);
e’pmdql_ is the forecasted energy intensity of manu-
facturing products by the kinds of economic activity
taking into account the possible energy saving
resulting from the set of energy saving measures K* p
and efficient utilization of secondary energy
resources, whose outlet at the design load of the
equipment is P'g.,, and the actual rate of the uti-
lization of secondary energy resources is f3,.
Saving of the j-type of energy resources in the g-

kind of economic activity: of the energy consumption
AE ;mdqj is determined by solving the problem
where the maximal saving of the j-type of energy

resource is the criterion'

r
—Za v, ( e
J

In th1s regard, the following constraints are
taken into account:

- forthe group of interchangeable energy sav-
ing measures (excluding simultaneous implementa-
tion):

an

t
— max.
prodq/ )

(12)

L
Y.z =1or0,
=
t
where ZZ’

¢ is the indication of implementation of

the /-energy saving measure from the set of inter-
in the ¢g-kind of

economic activity of the energy consumption struc-

changeable measures L (/leL)

ture in the t-year;

- for the energy intensity of the manufacture
of products minimum available with the state-of-
the-art technology - e(‘]if“;

t r

e =e
q; 4q;

L
1—2 Lzl Xl |<elm (13)
/lﬁq/ ]‘I/ /q q; >
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t
where f/c,, is the percentage of decrease in the
energy intensity of j-type of the energy resource in
the g-kind of economic activity as a result of imple-
menting the /-measure in the t-year;
x,’q is the scope ratio of implementation of the
[-energy saving measure in the g-kind of economic

activity in the t-year, 0< x,l <1.
q

Changes in the energy intensity of GVA subject to
realizing the energy saving potential for g-KEAs of the
economy can be estimated according to the formula

. J Q .
Ael™ = ZZAe;/’ =
0 M J q

J
— r_ t
- 2 2 2 (O{ml €, am € )
- 4 q; a Mq;
J

q m

(14)

The services sector has its own specifics of fore-
casting. This sector comprises economic activities
covering the set of services related to public admin-
istration, judicial activities, legal services, different
levels of education, medical assistance, social pro-
tection, the operation of culture and sport estab-
lishments, etc. Energy consumption in the services
sector depends on the population size and its age
groups, environmental conditions, improvement of
towns and settlements, engineering of buildings
services, etc. Fuel consumption by these the kinds
of economic activities includes direct fuel inputs for
heating and hot water supply to the service
providers (hospitals, schools, stores, offices, private
houses where sole proprietors that provide services
are registered) from heat generating sources of indi-
rect heating systems, heat inputs for cooking at
public catering facilities, sanatoria, hospitals, can-
teens at educational establishments, fuel consump-
tion by privately owned transportation facilities
which are not accounted for in the "Transport” sec-
tion, heat inputs for the heating of premises and
establishments provided by the central heating sys-
tems and municipal boiler houses, electric power
inputs for the operation of office equipment, med-
ical and other professional equipment, room illu-
mination, heating of premises with electric appli-
ances (electric boilers, reverse cycle air condition-
ing systems or other additional electric appliances),
water heating in boilers, food preparation in electric
cookers, and power supply to household appli-
ances.

Forecasted levels of energy consumption in the
services sector (state-financed and municipal

organizations, provisions of services by individuals
as sole proprietors) can be determined in accor-
dance with the following formula:

t _ t t
E service 2 exerviceq Vserviceq > ( 1 5)
q

where ei‘erviceq is the energy intensity of ¢-KEAs
pertaining to the services sector in the t-year (as
determined by the annual statistic reporting 4-MTP
and 11-MTP [6,7]), kilograms equivalent fuel
/UAH 1000;

V;m,-ceq is the gross value added of g-KEAs of the
social sector in the t-year, in million UAH.

Forecasting the parameters of efficiency energy
in the services sector directly depends on the popu-
lation size and its age structure, the area of the heat-
ed buildings (hospitals, libraries, educational estab-
lishments, trading facilities, etc.). There are stan-
dard rates of electric power consumption per 1 seat
at educational or per 1 bed in medical establish-
ments, per 1 square meter in training buildings and
hostels, per 1 visit to out-patient hospitals and other
establishments where public is received, standard
rates for heating 1 square meter in buildings
depending on their designation, hot water inputs for
economic and household needs (washing-up,
hygienic needs, washing, etc.), standard fuel inputs
for cooking at public catering facilities. The stan-
dard rates are specified in special guidelines [8, 9].
The energy saving measures in KEAs that fall with-
in the services sector are mainly focused on residen-
tial and commercial facilities and related to saving
energy inputs for illuminating and heating premises
where consumption can be regulated. Energy con-
sumption for heating depends substantially on the
environmental conditions and ambient tempera-
ture during the cold season.

In thesis [10], it is proposed to investigate the
levels of forecasted energy saving and consumption
for housing and utilities infrastructure in relation to
social indicators R q’, specific consumption of j-type
of energy resource in the reference year per capita
e q].’, the implementation of set of energy saving
measures in the services sector K !, partial mainte-
nance of the technical level of t%e reference year
a q’, and environmental conditions affecting the
standard rates of heat consumption &’

A ! r A (16)
Eserviceq,. _f(Rqaesg,nv,'ngl_;Kq,aq,k )
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The set of energy saving measures Kq’,
prospective specific consumption of the j-type of
energy resource taking into account the imple-
mentation of the set of /-energy saving measures —
e q/.’ as well as the size of saving the j-type of energy
resource in the ¢g-king of economic activity of the
energy consumption structure A Em.‘,,-wi” are
determined by solving the problem providing the
maximal saving of the j-type of energy resources:

0 J J (17)
4 — t r—t
AEService/i - 2 'Rq/ Aeq/ — max .
J=1

q=1 j=1

We here take into account the constraints on the
group of interchangeable energy saving measures —
formula (12); constraints on the standard rate of
specific consumption of the j-type of energy
resources — formula (13), where lim __norm

e, =e, -

The development of these or those KEAs in the
services sector, i.e. their intra-sectoral structure has
an insignificant impact on changes in energy con-
sumption since energy inputs in all these KEAs is
standard. It is clear that the growth in sport, trading
and other facilities which attract a great part of pop-
ulation will increase the corresponded GVA and
decrease specific energy consumption (the standard
internal temperature in gyms, movie and concert
halls, trading and exhibition halls should not be
lower than +16°C, while the standard temperature
inside educational, scientific, healthcare and other
establishments should be at least +18°C). Energy
saving can be achieved by weatherizing external walls
and replacing windows and doors to avoid heat losses
and not to switch on additional heating appliances.

In other words, the development of the services sec-
tor will always be contributing to the reduction of
energy consumption in the country, while growth of
the production industry requires to increase energy
inputs. Energy saving in the production industry calls
for heavy investment for the introduction of new
technologies. The formations of a certain structure of
the production sector is determined by the available
resource base and production capacities as well as by
the requirements of the global market.

Forecasted energy consumption in the t-year
with regard for the economically reasonable energy
saving potential resulting from structural changes
and technological energy saving in the production
services sector should be calculated according to
the formula

E;= (e;’v‘_ - Aefy ) Vv, = (18)

J J
t t t t
- 2 J/pr()d AEprod/ - 2 }/service AEservice,ﬁ
j=1 j=1

where y’pm & Vservice ar€ €conomically reasonable
percentage of implementing technically possible
energy saving potential in the material production
and services sector in the t-year.

Calculations were made according to the
described procedure with the use of Microsoft
Office Excel tools, and FER saving (energy saving
potential) resulting from structural changes was
identified based on different options for the fore-
casted structure of Ukraine's economy. The results
were used in developing in the Energy Strategy of
Ukraine for the period until 2030 (2013) (Tables 1-
3 and Fig. 1) and a draft Energy Strategy of
Ukraine until 2035, which was designed by the

Table 1 — Forecasted structure of the economy incorporated into the Energy Strategy

of Ukraine until 2030 (2013)
GVA structure, %
Consolidated KEAs 2010 2015 2020 2025 2030
reference Forecast structure options

Agriculture 8.2 9.4 10.9 12.7 13.8
Industry 27.6 26.5 25.2 23 20.9
Construction 34 4.1 4.9 5.2 5.5
Transport 12.7 13 13.5 14.1 14.5
Other KEAs 48.1 47 45.5 45 453
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Table 2 — Forecast of final energy consumption with regard for structural changes based on 2010
energy intensity in accordance with the forecasted structure of the economy as presented in the Energy
Strategy of Ukraine until 2030 (2013)

Sl Forecast of final energy consumption based on 2010 energy intensity according to the reference
1000 fuel . .
) and forecasted structures, in 1000 tons of equivalent fuel
Consolidated €q.
KEAs 2010 2015 2015 2020 2020 2025 2025 2030 2030
Ref Ref Forecast Ref Forecast Ref Forecast Ref Forecast
Agriculture 5226 6979 8049 8906 11921 11363 17737 14503 24764
Industry* 90512 119286 114845 152221 138361 194202 162588 247872 189831
Construction 1168 1292 1580 1648 2413 2103 3269 2684 4443
Transport 17319 24027 24707 306601 32773 39117 43711 49927 57756
Other KEAs 12649 17140 16622 21872 20050 27905 24788 35616 32041
Total 126874 168724 165803 215310 205518 274689 252093 350603 308834

* Industry includes energy sector KEAs which
transformation sector.

are incorporated into the consolidated balance as the

The left column in the forecasted years corresponds to the forecast of final consumption in the structure
of the economy (in the 2013 version), and the right column to the forecast of final consumption by the fore-
casted structure of the economy according to Table 1.

National Institute of Strategic Studies (see Tables
4,5 and Fig. 2).

The current Energy Strategy of Ukraine (in the
2013 version) provided for the decrease in the ener-
gy intensity of GDP from 0.174 kg of equivalent
fuel /JUAH (2010) to 0.081 kg of equivalent
fuel/UAH in 2030 as a result of both structural and
technological energy saving (Fig. 1).

The draft Energy Strategy of Ukraine until 2035,
a new document presented for public debate, took
into account the slump of production and, corre-
spondingly, energy consumption volumes deter-
mined by both economic and political factors. The
energy intensity of GDP is expected to decrease

from 0.33 kilograms of o.e./USD (based on 2005
PPP) to 0.17 kilograms of o.e./USD by 2035.

The results of calculations of energy efficien-
cy caused by structural changes in the economy
(Fig. 2) show that the changes in its structure
over the period until 2035 will result in excessive
consumption of fuel and energy resources due to
the increased share of industry (mainly process-
ing facilities) and agriculture with the transport
sector share remaining almost unchanged.

It is obvious that achieving such energy con-
sumption level in the context of negative structural
changes is possible only based on technological
energy saving. This involves drastic technological

Table 3 — Energy saving potential with regard for structural changes in the economy in accordance
with the Energy Strategy of Ukraine until 2030 (2013)

) FER saving (excessive consumption) due to structural changes,
Conlzcl)alxl:ted in 1000 tons of equivalent fuel
2015 2020 2025 2030
Agriculture -1069 -3015 -6375 -10261
Industry 4440 13861 31614 58041
Construction -289 -764 -1166 -1759
Transport -680 -2112 -4594 -7829
Other KEAs 541 1970 3458 4226
Total 2944 9940 22937 42418
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Fig. 1. Energy saving volumes up to 2030 against 2010

changes because it is planned to achieve FER con-
sumption in 2035 of 185 million tons of equivalent
fuel (129.4 million tons of oil equivalent), that is to
remain at the 2013 level. Structural transformation
of the economy as shown in Table 5, without tech-
nological energy saving, provides a much higher
value.

One of the most efficient and large-scale options
for curtailing energy consumption is to improve
energy efficiency of the manufacture of goods in the
economic sectors, in particular, to retrofit manu-
facturing machinery, reduce energy losses; improve
the quality of products, and reduce losses of raw
materials.

CONCLUSIONS

We have been improved the economic and
mathematical model that enabled us to calculate
the FER consumption levels for different structures
of the economy and FER saving or excessive con-
sumption, having regard to structural changes and
GDP energy intensity for different structures of the
economy. The presented model is different from
the previous one in that it is adapted to the new
Standard Industrial Classification, KVED-2010,
introduced in 2013, incorporates more energy per-
formance indicators by increasing and regrouping
sections from 16 to 24. The model has been

Table 4 — GVA structure for consolidated KEAs by the data of the draft Energy Strategy

of Ukraine until 2035
GVA structure, %
Indicators 2013 2020 2025 2030 2035
Ref Forecasted structure options

Agriculture 10.0 10.6 11.1 11.9 12
Industry 23 26.2 27.8 28.3 29.1
Construction 2.9 4.1 3.1 3.8 4.4
Transport 8.3 8.6 7.9 8.3 7.5
Other KEASs 55.8 50.5 50.1 47.7 47.0
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Table 5 — Forecast of final energy consumption with regard for structural changes based
on 2013 energy intensity in accordance with the draft Energy Strategy of Ukraine until 2035

2 1(/)\00(t)utz(l)lr,1$ Forecast of final energy consumption based on 2013 energy intensity according to the reference and forecasted

;"5 z of s.f. structures, 1000 tons of fuel equivalent

é LQ 2013 2020 2020 2025 2025 2030 2030 2035 2035

S Ref Ref Forecast Ref Forecast Ref Forecast Ref Forecast
Agriculture 4600 6166 6591 7285 8123 8611 10294 10277 12522
Industry * 63400 85492 97342 101011 122013 119394 146582 142489 179874
Construction 900 1215 1750 1436 1550 1697 2240 2025 3159
Transport 8800 11826 12150 13973 13207 16516 16516 19710 17820
Other KEAs 12600 16834 15216 19890 17856 23509 20096 28057 23524
Total 90300 121533 133049 143595 162749 169727 195728 202558 236899

* Industry includes energy sector KEAs, which are incorporated into the consolidated balance as the trans-

formation sector.

The left column in the forecasted years corresponds to the forecast of final consumption in the structure of
the economy (in the 2013 version), and the right column to the forecast of final consumption by the forecasted

structure of the economy according to Table 4.

employed to forecast energy inputs in the context of
structural changes between and within the sections
of kinds of economic activity, with background
information being grouped according to both
KVED-2005 and KVED-2010.
1. Malyarenko O.Ye. (2013) Prohnozuvannya
zmin kintsevoho spozhyvannya enerhoresursiv z
urakhuvannyam strukturnykh i tekhnolohich-
nykh zrushen' v ekonomitsi. Forecasting changes
in final energy consumption, taking into account

technological and structural changes in the econ-
omy / O.Ye. Malyarenko, T.0O. Yevtukhova,
N.Yu. Maystrenko // Problemy zahal'noyi ener-
hetyky // The Problems of General Energy.
No.4(35), 33-40 [in Ukrainian].

2.  Malyarenko O.Ye. (2012) Urakhuvannya
tsinovoho faktora pry prohnozuvanni spozhy-
vannya vuhlevodniv na korotkostrokovu per-
spektyvu v umovakh hlobalizatsiyi. Considering
the price factor in predicting hydrocarbon con-

-20000

-25000

-30000

-35000

1000 of equivalentfuel.

-34341

-40000

year

Fig. 2. Excessive consumption of fuel and energy resources due to changes in the structure
of the country's economy against the 2013 structure over the period until 2035
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MPOHO3YBAHHS, CUCTEMHUIA AHATI3 TA OMTUMI3ALLIS
CTPYKTYPHOI'O PO3BUTKY EHEPIETUKH

VIK 620.9
H.I0. MAWCTPEHKO,

0.€. MAJTAPEHKO, kaHp. TexH. Hayk,

[HcTUTYT 3aranbHoi eHepreTuku HAH YkpaiHu, Byn. AHTOHOBMYA, 172,

M. Kuig, 03680, Ykpaia

NMPOrHO3YBAHHS PIBHIB CITOXWBAHHS MAJIUBHO-EHEPITETU4HUX PECYPCIB 3
YPAXYBAHHAM MOTEHLI|A/TY EHEPTO3BEPEXEHHS MPU CTPYKTYPHUX 3MIHAX B EKOHOMIL|

HagaHo meToandHui nigxig ra mateMatunyHy MOLEIb NMpoOrHO3yBaHHS PIBHIB KIHLEBOro Cro-
XKMBAHHS NaIMBHO-EHEPrEeTUYHMX PECYPCIB 3 ypaxyBaHHSIM MOTeHUiany eHepro36epexeHHs
Bil CTPYKTYPHUX 3MiH MiX BUaMu eKOHOMIYHOI Aisi/IbHOCTi 3 0COBIMBOCTSIMIM BIPOBAAKEHHS
eHeprosbepirar4mnx 3axoniB y BUPobHUYIl i HeBUPOOHWUYIY cgepi kpaiHu. NMpueeaeHo npo-
FHO3HI p0o3paxyHKOBI 06CSIrv KiHLIEBOIro CroXWBaHHS MajMBHO-EHEPreTUYHNX PECYPCIB Ta
roTeHLujiany eHepro36epexeHHs Bif CTPYKTYPHUX 3MiH 3a YKPYMHEHUMY BuAamMmu eKOHOMIYHOI

AIiSJIbHOCTI.

Kno4oBi c/ioBa: KiHLEBE CMOXMBAHHS NaJIMBHO-EHEPreTUYHNX PECYPCIB, MOTEHLian eHepro-
36epexeHHs, CTPYKTYypa eKOHOMIKU.

[IporHo3yBaHHIO E€HEProCIOXMBAHHS IIPU-
CBSTYEHO YMMAJI0 HAyKOBHUX POOIT, BUKOHAHUX Yy
T.4. B IHcTtuTyTi 3arajibHoi eHepretuku HAH
Vkpainn [1-3]. JochimkeHHST BIIUBY CTPYKTYP-
HUX 3MiH B €KOHOMILIi Ha PiBHi eHEePTOCIIOXNBaH-
Hsl TIpU Talay3eBill CTPYKTypi €KOHOMiKM Oy
3armoyaTKoBaHi B po0oTi [4]. OcoOMMBICTIO TaHOTO
IOCJIIKEHHSI € BpaxyBaHHSI B MO IIPOTHO3Y-
BaHHSI C€HEPTOCIIOXMBAaHHS ITOTEHIIIATy €Hepro-
3oepexkeHHsT (ITE3) Bim cTpyKTypHMX 3pylIeHb B
e€KOHOMIlIi TIpu (pOpMyBaHHI CTPYKTYPU €KOHOMi-
KM 3a BUIaMMU eKoHoMmiuHoi misurbHOCTI (BEJIL)
3rigHo 3 Kinacudikaropom KBEJ-2010, Ta Bpaxy-
BaHHSI OCOOJMBOCTEM OOYMCIEHHSI MOKa3HMKiB
IJIST TIPOTHO3YBaHHS PiBHIB €HEProOCIOXUBAHHS
o BEJI, mo BimHOCATBCS 1O BUPOOHMIOI chepu
Ta IMOCIIYT.

Peanizalis maremMaTU4HOI MOAEJI 1JISI TIPOTHO-
3yBaHHsI PIiBHIB CIIOXMBaHHSI ITaJIMBHO-EHEpPIe-
TUYHUX PECYpPCiB, 11O BPaXOBY€E ITOTEHIIial eHEep-
ro30epeXXeHHs IIPU CTPYKTYPHUX 3MiHAaX B €KOHO-
Mmili, sska dopmyetbest 3a BEJI, rpyHTyeTbcs Ha

© MANAPEHKO 0.€., MAMICTPEHKO H.t0., 2015

TaKMX MOJIOXKEHHSIX [5]: B €KOHOMILli KpaiHU BUJi-
JISIIOTBCSI CEKTOPH, IO 00’€THYIOTh BUOU €KOHO-
MIYHOI JiSUTLHOCTI, 110 IKUX BeIeThCSl YKPYIMHEHU !
CTaTUCTUYHMI OOJIiK O CIOXMBAHHIO ITaJIMBHO-
eHepropecypciB (IT1EP), aHami3yioTbcs y AuHaMiIli
3MmiHu y cnoxuBaHHi ITEP mipu 3miHax oOcsris
BasioBoi gogaHoi BaprocTi (BAB) BunaiB ekoHomig-
HOI JisILHOCTI; aHaMi3ylThCsl TEMIU 3MiHU CII0-
xkuBaHHs1 TIEP Big TemniB 3miHu BJIB, T0oOTO
CTPYKTYpPHi 3pYyLIEHHSI B €KOHOMilli; Ha OCHOBI
PeTPOCIIEKTUBHUX CTPYKTYPHUX 3MiH i 3 ypaxyBaH-
HSIM TEHICHIIi pO3BUTKY BUPOOHUITB, 11O (Gop-
myioTh B/IB, po3po0JisiioThCcsl BapiaHTU ITPOTHO3Y
o0cariB B/IB BuaiB eKOHOMIYHOI IisSUIBHOCTI 3a
OMHAKOBOI BEIMYMHM IIPOTHO3HOIO BaJIOBOTO
BHYTpIilTHBOTO TIpoAyKTy Kpainu (BBII); mpn dik-
coBaHilt eHeproemHocTi BBII ta BJ/IB 06a3zoBoro
pokKy i pidHuUx BapiaHTHUX obOcsirax BJIB 3a BE]]
npu nocriitHomy o6c¢s13i BBIT nporHo3Horo poky
obuucoThes piBHI cnoxuBaHHs [TEP nmo BE]]
Ta KpaiHi B 1iioMy. 30iJbIIEHHS YaCcTKW €Hep-
TOEMHUX CEKTOpiB eKoHoMiku y BJ/IB Oyne cipusi-
TH 30i7bLIEHHIO €HEPrOCHOXMBAHHSI LIUX CEKTOPiB
i KpaiHM B 1iJToMy. 3pOCTaHHS X YaCTKM HeeHep-
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roemHux BE/I cripyusiTuMe 3HUKEHHIO CITOXWUBAH-
Hs [TEP. CTpyKTypHi 3MiHI B eKOHOMIlIIi, IITO Bpa-
XOBYIOTh 3MiHHM y €HEProCIOXMBaHHI 32 paXyHOK
3MiHU 9aCTKU IIEBHOTO CEKTOPY (YKPYITHEHNX CEK-
1iit) ekoHoMiKu Big oocsary BB, npuiiHaTo Ha3m-
BaTU MIXXCEKTOPHUMU. Y CEKTOPi EKOHOMIKHU PO3-
IA90a0ThCsI BHYTPIIIHBOCEKTOPHI CTPYKTYpPHI
3MiHM Bil 3MEHILEHHS a00 30UIbIIEHHS YaCcTKHU
neBHUX BUIiB BUpoOHUUTB 3a BE/L, 1110 hopMyI0Th
JaHWi cexTop. 3a KinacudikaTopoM BUIIB €KOHO-
MIYHOI AiSITBHOCTI BUIINSIOTH CeKlii, 3 SIKMX
c(hOpMOBAHO YKPYMHEHi CEKTOPU: CiJIbCbKE TOC-
MOJapCTBO (BKJIIOYAE POCIMHHUIITBO, TBApWH-
HULTBO, 3MilllaHE CiJbCbKE TOCITOJAPCTBO, JIiCOBE
rocriofapcTBO, PUOHMUIITBO), TPOMUCIOBICTb
(BKJIIOYa€ 10OYBHY i mepepoOHYy, a TAKOX eHepre-
TUYHMUI CEKTOp: MOCTayaHHS €JIeKTPOEHEPrii,
rasy, mapy Ta KOHIMUIIii10BaHOTO ITOBIiTPsI; BOZOIIO-
CTayaHHs; KaHaJli3allis Ta MOBOMXKEHHS 3 Biaxoaa-
MH), TpaHCHOPT (MacaXXMpPChKi Ta BAHTAXHI Tepe-
BE3CHHS 3aJ1i3HUYHUM, aBTOMOOLIbHUM, BOJHUM,
aBialliifHMM TPaHCIOPTOM Ta IIOCTaYaHHS Ta3y it
HadT TPyOOIPOBIZHUM TPAHCIIOPTOM), IHIII
BUAY €KOHOMIYHOI HisSTPHOCTI (OCBiTa, KYyJIbTypa,
OXOpOHA 3I0POB’s Ta HaIaHHS COILIAJIbHOI IOIO-
MOTM, TOPTiBIs i TpOMaAChKe XapuyyBaHHS, AEp-
>KaBHE YIPaBiHHS, HAAaHHS iHIIUX OOCYT (I0pU-
IUYHUX, (DiHAHCOBUX, CTpaxoBa MisIbHICTb, iH.).
ExoHoMiko-MaTeMaTuyHa MOJE/b BU3HAYEHHS
BIUIMBY CTPYKTYPHUX 3pYIICHb Ha IMOKa3HUKU
eHeproe(eKTUBHOCTI Ta €HEPTOCIIOKMBAHHS KO-
HOMiKM KpaiH1 BU3HAYA€E 3aTajIbHUIA 00CST EKOHO-
Mii eHepropecypciB AE' 32 paxyHOK MiKCEKTOP-
HUX Ta BHYTPILIHBOCEKTOPHUX CTPYKTYPHUX 3pYy-
1IeHb B €KOHOMIlli TIpy BUOpaHiil s-il CTPYKTYypi
BBII B t-My polli i 00uncIoeThCs 32 POPMYJIOL0:

AE? =V (316\4 _egvx ):VéBH' Ae/6v:z’ (D

1e Ae?vj — pi3HUL MixX eHeproemHicTio BBII B
0azoBoMy ( ejﬁ\,v ) Ta B {-My poKax (6&_ ) Ipu s-#
CTPYKTYpi BBH; Vligpy — 00OCAT IPOTHO3HOTO
BBII y t-my poui.
Ho piBHsIHHA (1) 1oAaI0ThCS TaKi OOMEXEHHSI:
1) mo eneproemuocti BBII:

eztv, <ef\,.; )

2) no cTpykTypi BupooHuursa BBIT (cTpykTypa
BBII 3a ykpynmHEHUMU CEKTOpaMU €KOHOMIKH):

I
>p =1, 3)
i=1

ne p,-" — yactka BJIB i-ro cekTopy eKOHOMiKHU y
ctpykTypi BBII;

3) no ctpyktypi BJIB 3a BE/I (cTpykTypa okpe-
MOTO CEKTOpPY 3a BUJAMM €KOHOMIiUHOI HisIbHO-

CTi): 0
Srl=1, 4)
9
q =1
!
ne ¥, — uvactka BJIB g-ro Buay eKOHOMiuHOi

TiSITBHOCTI (CeKIlii) eKOHOMIKM Y cTpykTypi B/IB
[-TO CEKTOPY €EKOHOMIKH.

st mpoBeAeHHs po3paxyHKiB HEOOXiTHO PO3-
paxyBaTu arperoBaHi ITOKa3HUKW €HEePreTMYHOlL
e(eKTUBHOCTI IJIsI CEKTOPIiB €KOHOMIiKH, 110 (hop-
MYIOTbCSI 3 TIEBHOTO HAOOpy BMIIB €KOHOMiuHOI
nistibHOCTI. ITpOrHO3HI MOKa3HUKU BU3HAYAIOTh-
ca npu ¢pikcosaHiit eneproemHocti BBIT kpainu
ta BJIB okpemoro cexTopy 3a 6a30Buii piK i Bapi-
anTax ctpykrypu B/IB. 3 mpoBemeHux BapiaHT-
HUX po3paxyHKiB eHeproeMmHocTi BBII npu pi3-
HUX $-X CTPYKTYpaxX eKOHOMIKU y {-My poOl1li BU3HaA-
Ya€EThCS HAMOIMBII e(peKTUBHA TTO0 BUKOPUCTAHHIO
IIEP cTpykTypa 3a yMOBM MaKCUMAaJbHOTO 3HM-
XeHHs eHeproeMHocTi BBIT:

Aef' — max TpH Vg, =const.

3miHa eHeproemHocTi BJ/IB i-ro cekropy eko-
HOMIiKH B {-MY pOLli TPOTHO3HOIO Mepioay BimHOC-
HO 0a30BOTO POKY B 3aJIEXKHOCTI BiJl 3MiHU CTPYK-
Typu BJIB 3a paxyHOK MixKCEKTOpPHMX 3pyIlIeHb 3a
nepiox (6 — t) Mpu s-i CTPYKTypi BUPOOHULITBA
BBII Bu3HavaeThcs 3a GopMyJioo:

o—t o o—t
Ae e, = €; 'Ap,‘\_ N 4)

ne Ap!”" — 3mina yactku BJIB i-ro cekTOpy y
ctpykTtypi BJIB KpaiHu BiIHOCHO CTpyKTypu 0a3o-
BOI'O POKY; e6l. — eHeproeMHicTb BJIB i-ro cextopy
y 0a30BOMY POLIi.

3MmiHa eHeproemHocti BJIB B 3amexHoCTi Bim
CYKYIIHOCTiI BHYTPIIITHBOCEKTOPHMUX CTPYKTYPHUX
3pYLIEHB MMPY HE3MiHHIl CTPYKTYPi OTO ¢-TO BUPOO-
HULITBA, B t-My POIli MPOrHO3HOTO Mepioay BimHOC-
HO 6a30BOT0 pOKY BU3HAYAETHCS 32 (DOPMYJIOIO:

0
o—t _ r
AeTu = D Ae; = ©)
q=1
6 61
_efl," ' Al"ql_" g
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e Arqﬁ" — 3MiHa YaCTKU ¢-TO BUPOOHWUIITBA Yy
cTpyKTypi BB i-TO cexTopy eKOHOMiKM BiTHOCHO

CTPYKTYpHU 0a30BOIO POKY;
Arqﬁ" — eHeproemHictb BJIB ¢-ro BupoOHUIITBA,
110 BXOJUTH 10 i-TO CEKTOPY, Y 6a30BOMY POLIi.

ITig yac mocnigkeHHsI eHepreTUYHoi e(heKTUB-
HOCTI 11 MOKa3HMKM BU3HAYAIMCh Ha TaAKUX iepap-
XiYHUX pIBHSX: KpaiHa, CEKTOPU €KOHOMiKH1, BUIU
€KOHOMIUHOI JislIbHOCTI.

3MiHa eHEproEMHOCTI i-T0 CEKTOPY B t-MYy POl
3a PaxyHOK MiKCEKTOPHUX Ta BHYTPillIHbOCEKTOP-
HUX CTPYKTYPHUX 3pylleHb 3a Tiepiom (6 — t)
BU3HAYaAETHCS 32 (POPMYIIOIO:

A eg_l = Ae6_’Mcl + Aeﬁ_tgc . (7)

BinnosinHo Al = Z Ael™ .
i

EneprocrnoxuBaHHS 3 ypaxyBaHHSIM MiXKCeK-
TOPHUX Ta BHYTPIIlTHBOCEKTOPHUX CTPYKTYPHUX
3pyumieHb y BBIT nipu s-ii cTpyKTypi 1oro Bupoo-
HUIITBA B t-MY POILi IIPOrHO3HOTIO MePioay BiTHOC-
HO 0a30BOro POKY BM3HAYAETHCA 32 (DOPMYJIOIO:

I
t 6 t 6—t ¢
Ey=ey Vg _eri\. "V BBt - (3)
i1

EnHeprocrnoxuBaHHS y i-My CEKTOPi EKOHOMIKU
B t-My pOIIi IIPOTHO3HOTO IIepioAy IIPW BIIPOBaI-
JKEHHI 3aXO/iB 3 EHEPro30epeKeHHs Ta peatizallil
BHYTPIIIHLOCEKTOPHUX CTPYKTYPHUX 3PYILICHD Y S-I
CTPYKTYpPi BUPOOHMILITBA BAJIOBOI 10JaHOI BAPTOCTi
BiTHOCHO ©a30BOro pOKy MOXHA OLIiIHUTU TaKOlO
3aJIEKHICTIO!
El = ef

0
t o—t o—t
_ 2 v, (Aem,q + Aeecq ),
, q

e 7 BiB — BajioBa AoAaHa BapTiCTb i-T0 CEKTopa
€KOHOMIKHM 3 S-10 CTPYKTYPOKO BaJlOBOIO BHYTpi-
LIIHBOTO MPOAYKTY Yy {-MY POLIi;

Vq'l_ — 00cHr g-ro BUpOOHUIITBA, 110 BXOAUTH 10
i-TO CEKTOpY, Y t-My pOILIi.

Bu3HaueHHs piBHIB MPOrHO3HOIO €HEProcro-
JKMBaHHS JIs1 BUIiB €KOHOMIUHOI JiSUILHOCTI, 1110
BiZHOCSIThCS 0 BUPOOHUYOI chepu Ta TTOCIYT MaE
CBO1 OCOOJIMBOCTI.

Moaenb po3paxyHKy IPOrHO3HOIO PiBHSI €HEp-
TOCTIOXXUBAHHS ¢-TO BUIY EKOHOMIYHOT AisTBHOCTI

y t-My polii 110 j~-My BUAY eHepropecypcy — E’

6up,

t
BJIB;

9)

y BUpPOOHWYi chepi Moxe TOCHiIKyBaTUCS SIK
(yHKIIIOHATbHA 3aJIEXKHICTh Bill TAKUX apryMEH-

TiB:
E! =

sup,

_ t t o t t t t

_f(aq’Nq7eeupq‘7egupq_’Kq’ﬁ PBEP)’
j j

(10)
e o g Koeili€eHT 3aBaHTaXXEHHS m-To obyan-
HaHHS IAMPUEMCTB, 1110 BUITYCKAIOTh MPOIYKIIIO
¢-TO BUIY EKOHOMIUHOI IiSITTBHOCTI y {-MYy POILi;
N ;4 — BCTaHOBJIEHA MPOAYKTUBHICTb MiIIIPUEMCTB
10 BUPOOHUIITBY MPOAYKIIii 32 ¢-M BUIAOM €KOHO-
MiYHOI JiSITBHOCTI Y t-MY POLIi;
6(5,1,‘1/ — €HEeProEMHICTb BUPOOHULITBA HNPOAYKILIil
Ha icCHy1ouoMy o0JiajHaHHi (0a30BUli BapiaHT);
e(:i/pq/ — IPOTrHO3HA EHEProOEMHICTh BUPOOHUIITBA
NpoAyKUii 3a BUAAMU €KOHOMIYHOI MislIbHOCTI
IpU BpaxyBaHHI MOXJIMBOI €KOHOMii eHeprope-
CYpCiB BiJ, BIIPOBaIXKEHHSI HaOOpy eHeprosoepi-
rarouux 3axoiis — K’ T pauioHaJTbHOMY BUKOPHU-
cranHi BEP, Buxin sskux npu npoekKTHOMY 3aBaH-
TaXeHHi 001anHanHsa — Py, a KoedilieHT dak-
TUYHOTO BUKOPUCTAHHS BTOPUHHUX €HEPreThy-
HUX pecypciB — B

ExoHoMisl j-rO BUILYy eHepropecypcy B ¢-#
BepIIMHI (BimmoBimae BUAy €eKOHOMIYHOI Hislib-
HOCTi) CTPYKTYPU €HEProCIOXUBAaHHS — AE;W,/.
BU3HAYAETbCS BUPIILIEHHSIM 3aaa4i, KpUTEpieM
SIKOT € MaKCMMYM €KOHOMil j-ro BUAY €Heprope-
CypCiB:

J
t —
2 AE upq;
Jj=1

J

_ t t o t

= E a, Nq (ewq‘ —e(ml,q J—)max.
. J J
J=1

ITpu oMy BpaXxOBYIOThCSI TaKi OOMEKEHHSI:

— IO Tpyni B3aEMO3aMiHHUX (BUKJIIOYAIOTh
OJJHOYACHE 3aCTOCYBaHHS) eHeprosdepiraroumx
3aXO/IiB:

n

i

2 Z; =1 abo 0;
L =
) =
e 22
ne = — O3HakKa BIIPOBAIKEHHS [-r0 eHep-
ro3z0epiraroyoro 3axoay 3 MHOXHWHU B3a€EMO3aMiH-
HUX 3aX0LiB — L (leL) B g-i1 BepIIMHi CTPYKTypH
€HEeProCIOXUBaHHS B {-My POIIi;

—  II0 TPAaHUYHO MOXKJIMBI# TIpU TaHOMY PiBHi

(12)
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PO3BUTKY T€XHOJIOTii EHEPrOEMHOCTI BUPOOHUIIT-
Ba MPOAYKIIT — e(‘;m:
J

il
t o ! 12 t lim
e =e |1- Z, x, |<e
i /El fi, 21,5, S (13)

q; j

t
ne f/q;/ — YacTKa 3HUXEHHSI eHEePrOEMHOCTI j-TO

BUIY EHEPTOPECYPCY B ¢-i BePIIMHI BHACTIIOK
BIIPOBAMIXKEHHS /-TO 3aX0Ny B {-MYy DPOIIi; x/tq
— KoediIlieHT 00CITYy BIPOBAIXEHHS [-TO eHep-
ro3bdepiraroyoro 3axoay B g-il BEpIIWHIi B t-My
poui, 0<x) <1.

3mina eHeproemHocti BJIB mpwm peamizamii
TOTEHLiaTy eHepro3depexeHHs sl g-ro BEJL

€KOHOMiKH1 MOXe OyTU OLliHeHa 3a (POPMYJIOIO:

J

s =3

J

J O M

558 (0 b, -
- Myy My, Myj Mg
J q m

CBoi 0COOIMBOCTI MNPOTHO3YBaHHS PiBHIB
€HEeprocnoXnuBaHHSI Mae cdepa IOCIyr — BUOU
€KOHOMIYHOI1 AisSUIbHOCTI, 110 BKJIIOUYAIOTh CYKYII-
HiCTh MOCYT 3 AeP>KaBHOIO yIpaBiHHS, CyI0BOI
JISUTBHOCTI, IOPUANYHUX TOCIYT, OCBITU Pi3HOTO
piBHSI, MEAUYHOI JOIMOMOIHM, COLiaJIbHOTO 3aXU-
CTy, YHKUIOHYBaHHS 3aKJaliB KyJbTYypH, CIIOp-
Ty, iH. @OpMYBaHHS OOCSTiB €HEpPrOCIIOXMNBAHHS
B c(epi mociayr 3ajJeXUTh BiJl YUCEIbHOCTI Hace-
JIEHHS Ta Oro BiKOBUX TPYyIl, KIiMaTUYHUX YMOB,
0J1aroyCTpolo MiCT i HacelleHUX MYHKTIB, iHXKe-
HepHOro obiagHaHHs OyaiBeab, iH. CroKMBaHHS
najavBa UMMM BUIAMU €KOHOMIiYHOI IisIbHOCTI
BKJIIOUA€E Oe3nocepenHi BUTpaTU IMajivBa Ha omna-
JICHHs i rapsiye BOJOIIOCTAaYaHHSI 3aKjaaidiB, IO
HaJaloTh MOCAYTH (JiKapeHb, IIKiJ, Mara3uHis,
o(iciB, MpuBaTHUX OYAMHKIB, B SIKMX 3apEECTPO-
BaHO MPMBATHUX IiANPUEMIIB, IIO HAAAIOTh
MOCJAYTU) BiA TEIUIOTEHEPYIUMUX IXepesl aBTO-
HOMHMX CUCTEM OITaJIEHHS, BUTpAaTU MajuBa Ha
MPUroTYBaHHS 1Xi y 3aKjagax I'pOMaaChKOro Xap-
YyBaHHS, CaHATOPIsX, JiKapHIX, igaJbHIX OCBIT-
HiX 3aKJjaaiB, BUTpaTU MajJvMBa MNPUBATHUMMU
TPAHCIIOPTHUMM 3acobaMu, SIKi HE BpaxoBaHO Y
cekii «TpaHcropT», BUTpaTU TEIJIOBOI €HEprii Ha
onajeHHsI MpUMillleHb Ta 3aKJaaiB Bil cUCTeM
LICHTPaJi30BaHOTO TEMJOMNOCTaYaHHS Ta MYHillM-
MajibHUX KOTEJIEHb, BUTPATU €JIEKTPUYHOI EHEPTii

& o
71 _
Ae g =
q

(14)

Ha (yHKLIOHYBaHHS O0(iCHOI TeXHIKM, MEIUYHO-
ro Ta iHIoro npogeciiHoro odJagHaHHS, OCBIT-
JICHHSI MPUMIlLICHb, OMAJCHHS NPUMIIIEHb €JIeK-
TPUYHUMHU  HOPUCTPOSIMU  (€IEKTPOKOTIAMU,
pPEeBEpPCMBHUMHU KOHAMIIIOHEPAMU, iH. 1OJATKOBU-
MM €JIEKTponpuIagaMm), HarpiB Boau y 0oitnepax,
MPUroTYBaHHI 1XKi Ha €JeKTPOIIMTAX, KMBJICHHS
MOOYTOBOI TEXHiKU.

IIporHo3Hi piBHI CMTOXUBAHHSI €HEPropecypcin
y cdepi nmocayr (OIOMXETHIN, MyHiUIWMMOAJIbHIM,
HaJaHHS TOCJIYI HAcEJEeHHSM SK IPUBAaTHUMM
IMAIIPUEMIIIMI) MOXHA BHM3HAYaTH 3a TaKoOIO
dopmyIoro:

t t t
E .=>e . -V
10C1 noc,, nocr,

q

(15)
et

e “noci, — eHeproeMHicTh g-To BE]L, o BigHO-

CUTbCA 10 chepu NOCAyT, B t-My polli (BU3HAYA-

€TbCcsl 3a (opMaMHM ILIOPIYHOI CTATUCTUYHOI

3BiTHOocTi 4-MTII ta 11-MTII [6,7]),
KT y.11/1000 rpH.;
Vn’mq — BaJloBa jiofiaHa BapTicth g-ro BEJL cdepu

MOCJIYT B t-MY POIli, MJIH TPH.

ITporHo3yBaHHS TTOKa3HUKIB eHEepProeeKTUB-
HOCTi y cdepi mociyr HamnpsMmy 3aJIeXKUTh Bin
YUCENIbHOCTI HACEJeHHS Ta MOro CTPYKTYpU 3a
BiKOBMMU TpymnaMM, TLUIOIII OINMajloBaJIbHUX OYi-
BeJb (JikapeHb, 0i0JioTeK, OCBiTHiIX 3aKJaiB,
TOPTiBEIbHUX MPUMIllEHb, iH.). ICHYIOTb HOpMM
CMOXUBAHHS €JIEKTPUUHOI €Heprii y po3paxyHKy
Ha 1 MicIle B OCBITHiX 4H JIiXKKO-MiCIIe Y JiIKapHsI-
HUX 3aK1agax, 1 M2 HaBYaIbHUX KOPIYCiB, TypTO-
KUTKiB, 1 BiABiAyBaHHS y MOJiKJiHIKaX Ta iH.
3aKjanax, 1€ BeNeTbCs MpUMaHHS HaceJeHHS,
HOPMM Ha onajieHHs 1 M2 puMillleHb Y 3aJ1eXKHO-
CTi Bill X MpU3HAYEHHs, BUTPATH rapsiyoi BOOU Ha
rOCIOAapChKi Ta MOOYTOBI MOTPEeOU (MUTTS TTOCY-
Iy, Tiri€HiYHi MOTpedu, TpaHHS OUIM3HU, iH.),
HOPMU TajliBa Ha MPUTOTYBAHHS 1XKi y 3aKiamax
IrpOMaJICbKOro xapuyBaHHs. Lli HOpMU BU3HAYeHO
OKpeMUMHU MeToaukamu [8,9]. 3axonu 3 eHepros-
oepexeHHs y BEJI, mo BimHOcATbCA M0 cepu
MOCJIYT, B OCHOBHOMY CTOCYIOTHCSI KOMYHaJbHO-
MoOYTOBOTO HAMPSIMKY, i TTOB’sI3aHi 3 EKOHOMI€EIO
€HepropecypciB Ha OCBITJICHHS, OTTAJIEHHS TTPUMi-
IIeHb, 1€ MOXJIMBO pETryJIOBaTU I1Ii BUTpATH.
CnoxuBaHHSI €HepropecypciB Ha MOTpeOU oma-
JIEHHS 3HAYHO 3aJIEXKUTh Bijl KJTIMaTUIHUX YMOB Ta
TEeMITepaTypyu 30BHIIIIHBOIO MOBITPS Y XOJOTHUIA
Mepioa pokKy.

YV po6ori [10] piBHI MPOTHO3HOrO eHepPro3oepe-
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JKeHHsI Ta €HEProCIIOXMBAHHS [IJis >KMTJIOBOTO
KomyHanbpHoro rocrnomapctBa (KKI') mporony-
€TBHCS JOCIIIIXYBAaTU y 3aJIEXKHOCTI BiJl IOKA3HUKIB
COLIiaIbHO-€KOHOMIUHOTO PO3BUTKY — R qf, MUTO-
MOI BUTpaTU j-TO BUIY €HEpropecypcy B 6a3oBoMy
polIi Ha AyIIy HACEICHHS — eq/.5, BITPOBAIKCHHSI
Habopy eHepro3oepirarouux 3axodiB aJisi chepu
nocayr — K q’ , YaCTKOBOI0 30epeKeHHS TEXHIUHOTO
piBHS 6a30BOTO POKY — ¢ q’ Ta KJIIMaTUYHUX YMOBHU,
1110 BIUIMBAIOTh HA HOPMU CIIOXXMBaHHS TEIIOBOI
eHeprii — k“

t _ rrpt 6 tot ot
EnOCJqu _f(Rqﬁeno('ﬂql.’Kq’aq’k ) (16)

Hao6ip eneprosoepirarounx 3axomiB — K q’, nep-
CIIeKTMBHA MHUTOMAa BUTpaTa j-TO BUIAY €HEPTO-
pecypcy 3 ypaxyBaHHSIM BIpPOBaJIXeHHs Habo-
py [-x eHeprosbepiraroymx 3axoliB — eqj’, a
TaKOX pO3Mip EKOHOMIl j-TO BUIY EHEPropecypcy
B ¢-1i BEpIIMHI CTPYKTYPU €HEProCnoXUBaHHS —

[ . . .
— BHM3HA4YarOTbCA 13 PIILICHHA HACTYIIHOI1

noci,
qj

3a7a4i, KpUTEPIiEM IKO1 € MAKCUMYM €KOHOMIii j-TO
BUIIy EHEpropecypcey:

[ J ~

o AE e, =y R} Aej™ —max.  (17)

g=1 j=1 Jj=l1

[Ipu 11bOMy BpaxOBYIOTbCSI OOMEXEHHS IO
TpyIli B3aEMO3aMiHHUX €Hepro3odepiraroumnx 3axo-
IiB — dopmyna (12); oOMexKeHHs M0 HOPMi TTUTO-
MUX BUTpaT j-TO BUIY eHepropecypcy — hopmMyia
(13) ipu e:m =

J J

Hopm

PoszButok Tnx um inmmx BEI] chepu mocmyr,
TOOTO IX BHYTPillIHLOCEKTOPHA CTPYKTYpa HE3HAYHO
BIUIMBA€E Ha 3MiHY piBHIB €HEpProcioXWBaHHS,
OCKiJIbKU eHeprocnoxuBaHHs Bcix nux BEJL €
TUMOBUM. 3PO3YMiJ0, III0 PO3BUTOK CIIOPTUBHUX,
TOPriBeJIbHUX Ta iH. 3aKJajiB, 110 MNPUBEPTaIOTh

3HAYHY KIJbKICTb HACeJeHHS, Oyde 30L1blilyBaTh
obcar BignoBigHux BJ/IB Ta 3HMXyBaTM NuTOME
€HeprocIIOXMBaHHS (HOpMaTUBHA BHYTPIIITHS TeM-
rneparypa cnopr3alliB, KiHO-KOHLIEPTHUX, TOPTi-
BeJIbHMX, BUCTAaBKOBHUX 3ajliB HE MOBMHHA OyTHU
Hmk4yoro +16°C, a miaTpuMaHHS HOPMaTHMBHO
JIOMMYCTUMOI BHYTPILIHBOI TeMIepaTypu y MOpUMi-
LLEHHSIX 3aKjJadiB OCBiTM, HAyKM, OXOPOHU 3[0-
poB’s, iH. — He Hmk4e +18°C). EHepro3oepexxeHHs
MOXJIMBO JOCSIITU TIpU YTEIUIEHHI 30BHIIIHIX CTiH,
3aMiHi BiKOH i JBepei [Jisi YHUKHEHHS BTpaT TeIlIo-
TH, 10 JO3BOJIUTh HE BUTpAaYaTU AOJATKOBI €JeK-
TPUYHI ITpUIaau onaneHHs. ToOTO po3BUTOK CEKTO-
py mocayr Oyne 3aBXIu COPUSITU 3HIDKEHHIO €Hep-
TOCTIOXKMBAHHSI KpaiHW, a PO3BUMTOK BUPOOHUYOI
cepu BUMaraTu 3pOCTaHHSI CIIOKMBaHHSI €HEPro-
pecypciB. EHeprosoepesxkeHHs y BUpOOHMUIi cdepi
noTpedye BKIIaJaHHSI 3HAYHUX iIHBECTULII y BIIPO-
BapKeHHsI HOBUX TexHOJIoTiii. MopMyBaHHS TTEBHOI
CTPYKTYpU BHUPOOHMYOI cdepu BU3HAYAETHCS
HasIBHICTIO pecypcHOi 0a31 Ta BUPOOHNYMX ITOTYK-
HOCTEH, a TAKOX IMOTPe0O0IO CBITOBOIO PUHKY.

IIporHo3He eHeprocnoXXuBaHHS y t-My poOLli 3
ypaxyBaHHSIM €KOHOMIYHO JOLLJIbHOIO MOTeHILia-
JIy eHepro30epekeHHs BiJ CTPYKTYPHUX 3pyLIE€Hb
Ta TEXHOJIOTIYHOTO €HEPro30epeKeHHsI Y BUPOO-
HUYii cepi i HagZaHHI MMOCIYT Ma€E PO3paxoByBa-
TUCH 3a (OPMYJIOIO:

El=lef —ael!) vy -

(18)
J J

- 2 y«iup AE éup i 2 }/rlzoc,v AE rlzoc,v i
Jj=1 Jj=1

. ¢ . . )
€ Y gy V' noen — BUUIOBIIHO EKOHOMIYHO OOIPYHTO
BaHi YaCTKM BIPOBAIXKEHHS TEXHIYHO MOXJIUBOTO

MOTeHIliaJly eHepro30oepekeHHs y BUPOOHULITBI Ta
cdepi mocayr y t-My polii.

Tabmmrs 1 — IIporuo3Ha CTpyKTypa €EKOHOMIKH, IO IOKIaneHa B EHepreTiaiy
crparerito Ykpainu mo 2030 p. (pemaxiris 2013 p.)

Crpykrypa BJIB, %
Yxpymnaeni BEJ] 2010 p. | 2015p. | 2020 p. | 2025p. | 2030 p.
0a3oBa BapiaHTH NPOTHO3HOI CTPYKTYpH
CiJibChKe TOCIOIAPCTBO 8,2 9.4 10,9 12,7 13.8
[IpomuCIIOBICT 27,6 26,5 252 23 20,9
ByaiBHUITBO 3,4 4,1 4.9 5,2 5,5
Tpancnopt 12,7 13 13,5 14,1 14,5
Irmn BE]] 48,1 47 45,5 45 45,3
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MporHo3yBaHHS PiBHIB CMOXMBAHHS NANMBHO-EHEPrETUYHUX PECYPCIB 3 YpaxyBaHHSIM MOTEHLjany eHepro3tepexeHHs
MPpY CTPYKTYPHKX 3MiHax B EKOHOMIL

Tabmirt 2 — TIporHo3 KiHIIEBOTO EHEPTOCTIOKUBAHHS 3 YPaXyBaHHSAM CTPYKTYPHUX 3pYIIEHb
1o eHeproeMHocTi 2010 p. 3riMTHO 3 TPOTHO3HOIO CTPYKTYPOIO EKOHOMIKH
3a EHeprerraHolo crparerieto Ykpainu mo 2030 p. (pemaxis 2013 p.)

= . E

= % . [IporHo3 KiHIIEBOTO €HEProCHOKMBaHHs 110 eHeproemuocti 2010 p.

= S o 3a 6a30BOIO Ta MPOrHO3HOIO CTPYKTYPaMH, THC. T Y.II.

g =

5

& 2010 p 2015 p. 2015 p. 2020 p. 2020 p. 2025 p. 2025 p. 2030 p. 2030 p.

< bazosa bazosa [Iporuosna baszosa [Tpornosna baszosa [Tporuozna baszosa [Tpornozna
Clabcpke 5226 | 6979 | 8049 | 8906 | 11921 | 11363 | 17737 | 14503 | 24764
rocrnogapcTBo
[Tpomucnosicte™ | 90512 | 119286 | 114845 | 152221 138361 194202 | 162588 | 247872 | 189831
ByniBHMLITBO 1168 1292 1580 1648 2413 2103 3269 2684 4443
Tpancnopt 17319 | 24027 24707 30661 32773 39117 43711 49927 57756
[Hwi BEJ[ 12649 17140 16622 | 21872 20050 | 27905 24788 35616 32041
Pazom 126874 | 168724 165803 215310 205518 274689 252093 350603 308834

*[TpomucnosicTs BkItouae BE/Iu eHepreTMMHOro CeKTOpy, sKi 10 3BEIEHOT0 0allaHCy BXOISTh SIK CEKTOP

TICPETBOPCHHAA.

JliBa KOJIOHKA B MMPOrHO30BAHUX POKAX BilMOBiIAa€ MPOTHO3Y KiHIIEBOTO CITOXUBAHHS 3a 0a30BOIO CTPYK-
Typoto ekoHoMiku (y Bepcii 2013 poky), a mpaBa KOJOHKA — MIPOTHO3Y KiHIIEBOTO CITOXWBAHHSI 33 TPOTHO30-
BaHOIO CTPYKTYPOI €KOHOMIKM BiINOBiAHO 10 TabI. 1.

Ta6uung 3 — IloreHITian eHepro3oepexxeHHs P CTPYKTYPHHX 3MiHaX B €KOHOMIITi
3rimHo 3 EHepreTnyHolo crparerieio Ykpainu 1o 2030 p. (pemaxatii 2013 p.)

Vipymueri BEJI Exonowmist (mepesutpatu) [IEP mpu 3miHiI CTPYKTYpH, THC. T V.11
2015 p. 2020 p. 2025 p. 2030 p.
CinbCbKe rocnoaapcTBo -1069 -3015 -6375 -10261
[Tpomucnosicte 4440 13861 31614 58041
ByniBHHLITBO -289 -764 -1166 -1759
Tpancnopt -680 -2112 -4594 -7829
Inmi BEJ] 541 1970 3458 4226
Pazom 2944 9940 22937 42418

3a onucaHoO METOIMKOIO IIPOBEIEHO 00UNC-
JIEHHS i3 3acTocyBaHHSAM 3aco0iB Microsoft
Office Excel Tta Bu3HaueHo ekoHoMmiio IIEP
(moTeHIian eHepro30epexXeHHs) Bill CTPYKTYp-
HUX 3pYIIEHb IIPU Pi3HUX BapiaHTaX HPOTHO3HOIL
CTPYKTYpPU €KOHOMikKM KpaiHu. PesynbraTtu
BUKOPUCTaAHI Opu po3pobui EHepreTnuyHoi cTpa-
terii Ykpainu Ha nepiox mo 2030 poky pemakiiii
2013 p. (tabn. 1-3) Ta pwuc.1l i Tpoekry
Enepretnunoi ctparerii Ykpainu mo 2035 p., 1o
po3pobsneHa HauioHanbHUM IHCTUTYTOM CTpate-
TiYHUX JociimkeHb (Tadm. 4, 5) Ta puc. 2.

3a mi1ou0i0 eHEepreTUYHOIO CTpaTeTiel0 YKpaiHu
penaxitii 2013 p. eneproemuicte BBIT mepenbaua-
Jochk 3HM3uTU 3 0,174 xr y.m./rpH (2010 p.) oo
0,081 xr y.i./rpH y 2030 p. 3a paxyHOK SIK CTPyK-
TYPHOIO, TaK i TEXHOJOTIYHOTIO €HEPro30epeKeH-
Hs (puc. 1).

HoBuii gokyMeHT — TmipoekT EHepreTuuyHoi
crpaterii Ykpainu no 2035 poky, 1o BUHIIOB Ha
rpoMajachbke OOrOBOpPEHHS, BpaxyBaB IaJiHHS
BUPOOHMIITBA i, BIAMOBITHO 0OCATU €HEpPTOCIIO-
KMBaHHSI, 1110 3yMOBJIEHI IK €EKOHOMIYHUMU, TaK
1 TMOJITUYHMMU UYMHHUKaMU. EHeproeMHicThb
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20

300 274
250
199
200 :
150 - -
100
50 & ——— 87,3
0 20288 58,2
2015 2020 2025 2030
pOKU
s [JOTEHUIAN eHepro3depexeHHs, MiH T y.N.
==l =EHepro3bepexxeHHsi 3a paxyHOK TEXHOMOrYHOT CKNagoBoi, MIH T y.M.
4 EHeprosbepexeHHs 3a paxyHOK CTPYKTYPHOI CKNagoBol, MIH T .M.
Puc. 1. O6csru eneprosoepexxeHHst 10 2030 poky BimHOocHO 2010 poxy
Tabauisg 4 — Crpykrypa BAB no ykpynmHeHux BE/] 3a JaHuMu ipoeKxTy
EnepretnyHoi cTparerii Ykpainu mo 2035 p.
Crpykrypa B/IB, %
Hokazuuku 2013 p. | 2020 p. | 2025 p. | 2030 p. | 2035 p.
0a3oBa BapiaHTH POTHO3HOI CTPYKTYpH
CiIbChKE TOCIIOIAPCTBO 10,0 10,6 11,1 11,9 12
[TpomucoBicTh 23 26,2 27,8 28.3 29,1
ByniBHuITBO 2,9 4,1 3,1 3,8 4,4
Tpaucmopt 8,3 8,6 7.9 8,3 7,5
Irmn BEJ] 55,8 50,5 50,1 47,7 47,0
0 T
-5000
-10000
~-15000 -11516
=
>
F -20000
[S)
B
-25000
-30000
-35000
-34341
-40000

POKM

Puc. 2. O06csTu TIepeBUTPAT MaTMBHO-EHEPTETUIHUX PECYPCIB 32 paXyHOK 3MiHU

CTPYKTYpU €KOHOMiKM KpaiHu BimHOCHO cTpyKTypu 2013 poky Ha nepcriekTusy 10 2035 poky
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@aKTUYHNI CTaH Ta HaNPSIMU 3HUXEHHS BTPAT NanuBea i eHepril y 3aranbHOMy eHeprocrnoXuBaHHi KpaiHu

Ta6iuirsa 5 — TIporHo3 KiHIIEBOro €HeprocoXBaHHSA 3 YPaXyBaHHSM CTPYKTYPHMX 3pYIIIEHb
1o eHeproemHocTi 2013 p. 3a maHumu npoexry EHepreTu4Hoi cTparerii YKpainu mo 2035 p.

g : = [TporHo3 KiHIIEBOTO €HEProCMOKUBAHHS 10 eHeproeMHocti 2013 p.,
5 E > 3a 6230BOIO Ta MPOTHO3HOIO CTPYKTYPaMH, THC. T Y.II.
1 (=] (=] [ (=]
2 2 2 2 2 o 2 g o 2 | £
g £ g = g g = g g = 8 g =
A @ = &) = 4] = @ =
Clasceke 4600 | 6166 | 6591 | 7285 | 8123 | 8611 | 10294 | 10277 | 12522
roCIroIapcTBO
ITpomucnosicTp* 63400 | 85492 | 97342 | 101011 | 122013 | 119394 | 146582 | 142489 | 179874
ByaiBHULTBO 900 1215 1750 1436 1550 1697 2240 2025 3159
Tpancropt 8800 11826 12150 13973 13207 16516 16516 19710 | 17820
Inmi BEJ] 12600 16834 15216 19890 17856 | 23509 | 20096 | 28057 | 23524
Pazom 90300 | 121533 | 133049 | 143595 | 162749 | 169727 | 195728 | 202558 | 236899

* [IpomucioBicTh BkItouae BEIn eHepreTMUHOTO CeKTOopy, SIKi 10 3BEACHOT0 OaiaHCy BXOISTh SIK CEK-

TOP MEPETBOPEHHSI.

JliBa KoJIOHKa B MPOTHO30BAaHUX POKax BiAMOBiZa€ MPOTHO3Y KiHIIEBOIO CITOXWBAHHS 3a 0a30BOIO
CTPYKTYypoto ekoHoMiku (y Bepcii 2013 poky), a mpaBa KOJOHKa — MPOTHO3Y KiHIIEBOTO CHOXWBAHHS 3a
MPOTrHO30BaHOIO CTPYKTYPOIO €KOHOMIKHM BiAIOBIAHO 10 TaOd. 1.

BBII 3a mpoektom no 2035 p. 3 BeJIUYMHU
0,33 xr H.e./mon. CIIA (3 ITIKC 2005 p.) mnany-
eTbest 3HM3UTH 10 0,17 kr H.¢e./mon. CILA.

Pesynbratu po3paxyHKy e(heKTUBHOCTI eHep-
TOBUKOPUCTAHHS IIPU CTPYKTYPHMX 3PYIICHHSIX B
eKOHOMili (puc. 2) MOKa3yloTh, 1110 3MiHA CTPYK-
TYpU eKOHOMiKHM Ha nepiof 1o 2035 p. nacTh nepe-
BUTpaTU TaJMBHO-EHEPIreTUIHUX peCypCiB y
3B’3KY i3 30iJbLIEHHSIM YaCTKU MPOMUCIOBOCTI
(B OCHOBHOMY TTepepoOHOi) Ta CiJIbCbKOIO TOCMO-
JapcTBa IMpU Maiike HE3MiHHIM 4YacTuUi TpaHC-
MOPTHOTO CEKTOPY.

O4eBUIHO, IO JOCITTA TAKOTO PiBHS €HEeproc-
MOXMWBAHHS IIPY CTPYKTYPHUX HETaTUBHUX 3MiHaX
MOXJIMBO JIMIIIE 32 paXyHOK TEXHOJIOTIYHOTO €Hep-
rozoepexxeHHsI, IpUYOMy 1ie Ma€e OyTU JTOKOpiHHA
3MiHa TE€XHOJIOTi, OCKIIbKU TJIAHYETHCS AOCSTTU
cnoxuBanHs ITEP y 2035 p. — 185 mMaH T y.o.
(129,4 MaH T H.€.), TOOTO 3AIUIITUTUCH TTO EHEPTrOC-
noxuBaHHIO Ha piBHi 2013 p. CTpykTypHa nepedy-
JI0Ba €EKOHOMIKH, SIK BUAHO 3 TabJ1. 5, 6€3 TeXHOJI0-
riYHOTO eHepro3oepeskeHHs1 Jae Habarato OiIbIIy
BeJMYMHY. OgHUM 3 HalOiIbII e(heKTUBHUX i Mac-

IITAOHMX HAMPSIMiB 3HUXKEHHSI €eHeProCrnoX1BaH-
HS1 € TMiABUILIEHHS eHeproeeKTUBHOCTI BUPOO-
HULTBAa TPOAYKIii B CEKTOpaX €KOHOMiKM 3a
HampsMaMu: MOJEpHi3allid  TeXHOJOTiYHOTO
00JIamHAHHS; CKOPOUEHHSI BTpaT €HEpPropecypcis;
MiABUIIEHHSI SKOCTI TMPOAYKLil Ta CKOPOYEHHS
BTpAT CUPOBMHU Ta MaTepialiB.

BUCHOBKH

YaockoHanaeHo €KOHOMiKO-MaTeMaTU4YHY
MOJIeJIb, 3a SIKOI0 OOUYMCIEHO PiBHiI CHOXMBaHHS
ITEP npu pi3HUX CTPYKTypax eKOHOMiKHU Ta €KO-
HoMito abo nepeButpatu ITEP npu cTpyKTypHMX
3MiHax, eHeproemHictb BBII npu pisHUX cTpyK-
Typax eKOHOMikKu. HaBeneHa MojeJib Bilpi3HSIETh-
cs Big momepeaHbOI TUM, IO aJarToBaHa [0
HOBOTO KJ1acu@ikaTopa BUAiB eKOHOMIUHOI Aisljib-
Hocti KBEJI-2010, BBemeHoro y 2013 p., Mae
OiJIbIIY KiJIbKiCTh TTOKAa3HUKIB €HepreTUYHOI
e(eKTUBHOCTI 3a paxyHOK 30iJIbLIEHHST Ta Tepe-
rpynyBaHHs cekwiii 3 16 1o 24. Monesib BUKOPU-
CTaHO JISI TIPOTHO3YBaHHSI €HEeprocrnoXuBaHHS
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OpU CTPYKTYPHUX 3MiHAX MIXK CEKLIiSIMU Ta B CEK-
LisIX BUOIB €KOHOMIYHOI [OisSUILHOCTI HpU Tpymy-
BaHHI BuxinHoi iHpopmarii gk 3a KBEJ1-2005, Tak
i3a KBE/1-2010.
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