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ABSTRACT

In the Scope of Work for this Contract CEMNEf was required to dovelop one scemarto for
cectnienty and heat demand for the North Caucasus UPS and Krasnodar Krai  The base year
will be 1993 Yearly demand projections will be developed for each economue sector (total
and by consumption sectot industry transportation agiicultural and residental/commercial)
and for cach year between 1995 and 2010 CENEY's demand scenarios will incorporate the
potential for inter-energy substitutions, particularly for space heating and hot watet ¢ g when
centralized heat mught be displaced by direct fuel use or elecinicity

Mode! simulation of future growth of electricity and heat demand in North Caucasus and
Kiasnodar Kirar shows that electrieity demand will go up to 49 7-58 3 bln kWh 1 Noith
Caucasus and to 13 2 15 ballion kKWh 1n Krasnodar Kias n the year 2000 and coriespondingly
o 584 771 tlhon kWh and 16 - 26 bilhon kWh m 2010 Thys range of uncertainty
allows room for additional generation of local electuic power to substitute imported electricity
replace obsolete facilities and satisfy growing demand

Heat demand wil} grow up to 76 9-93 ¢ mathion Geal in North Cauvcasus and 18 8-22 3 milbion
GCal 1n Krasnodar Krai in the year 2000 and correspondingly 91,9-124 2 mullion Geal and
22 5-29 Geal 1n the year 2010 It will approach the 1990 level in 2004 in North Caucasus
and m 2010 1 Kraspoda Krax

Such 1clatively large range of the projections uncertaintv results from the uncertamnty with the
future economic development as well as from data shortage for the model calibration It
seems that this range covers all trajectories of future electricaty and heat demand evoluuion
{oteseeablc 1n North Cavcasus and Krasnodar Krai for the coming 15 years
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ELECTRICITY AND HEAT DEMAND PROJECTIONS
for
NORTH CAUCASUS
and

KRASNODAR KRAI

1. Historical Economic and Energy Data
1.1 Macroeconom:c Data

Russia has begun & transition to democracy and a market system First signs of
market economics are beginning to take shape Economic measures, such as price
reform and privatization, resulted in a semiblance of market-type uctivity The

painful transition process to a market economy Is actually a combination of several
sumultaneous transitions

e thi monopolistie, top-dewn guovirnment 13 under {ransformation inlo a
bottem-up system of regional authority and deeision-making;

e the centrally planned gystem must be recast for the economy to develop
market based interactions, emphasis on military production and heavy
industry 15 shifted towards consuwmer goods and light {ndustry,

I » 1solationism 1s giving way to nternational frade and parficipation in
|

foreign markets

It 1s a challenge to predict the future of ary eountry, especially a country in
transition, but 1n Russia 1t 1s even a greater challenge to eollect reliable and
consistent data necessary for a proper discription of the past

The process of statistical data collection 18 alan 1n transition Russia only recently
switehed to the National Accounts system As a result, data for GDP structure
became available only since 1990 But for regions GDP data are still unavailable
Energy data for the Federation as well as for regions are still collected according to
the standards of the past However, the statistical discipline i1s mueh below ihe
1ormer standards

When the depth of economic crisis 1s evaluated, rehability of statistical data must
be taken nto account S0 ag to escape heavy taxes significant volumes of
production are not statistically reported by enterprises This turns the clear pieture
of statistical description of the recent years to misty general images of real objects

111 North Caucasus

North Caucasus as a region includes nine so-called subjects of the Russian
Federation Therefore, data collection for Nerth Caucasus (NC) 1z & more
complicated process than that for a separate region like Krasnodar Krai There are
several reasons for that:
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o data for North Caucasus (NC) are to be aggregated from the statistieal data for
nine different regons;

e lack of data on specific indicator for one region does not allow to estimate this
index for the whole of NC,

e 1nconsistency of statistical data taken from different sources for any speeilie
region 15 aggravated when nine regions are considered,

¢ there 18 no NC region admimstration which requires timelv statistical data
collection and presentation

As a result, we have much less detailed h.storical economic and energy statistical
data on NC than on Krasnodar Krai It was almost impossible to get addit.onal
statistical information during the project implementation just due to the shortage of

time against the hackground of time intensity of the data collection and verification
task

One data collection irip to the region was made But 1t provided additionsl
information mainly for Krasnodar Krai For North Caucasus data provided by HBI,

Russian Federation statistical offices and those provided by individual experts were
used

Basie macroecomonic indicators for North Caucasus which we managed to collect are
shown 1n the Table 1

Table 1, North Caucasus General Economic Indicators

Units 1990 1991 1902 1903 1994
Population 103 16890 | 17030 17246 17292 17518
urban 10° 9597 9823 9900 $828 9830
rural 103 7164 7207 7348 7564 7688
Industrial 1990=1 100 87 78 66
Production Index* 00 100 97 4 778 58 1
Fixed Capital 1900=1 100 88 5 68 K28
Investments 00
Agrieultural 19490=1 100 72
production Q0
Consumer Price 1890=1 1 216 37.24 879 46 1746 7
Index**
Avcrage Salary 1890-1 1 179 16 28 163 0

k The upper number was taken from [8] with no specification of the base year,

the number below was taken from the VNIIKTEP expert
*% Data for consumer price mdex 18 avetage for the Russian Federation
Several obgervations could be made based on the analysis of numbers presented
e 11 8 pereent of Russians are living 1n the region,
« NC population 15 growing very ramdly by 08 percent per year against the
background of stable Russian population,

» 44 percent of local population hived in rural areas in 1994, in early 90 s rural
popnlation grew by 1 8 percent per year,
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* NC economy i3 coming through a very deep ecomonic crisis - industrial
preduction 1n 1950-1993 declined by 34 percent, and gioss fixed capital
invegtments by 47 percent,

* grain production was relatively stable, some decline i agricultural production
was due to the reduction of meat, as well as fruit and vegrtables production,

e real incomes of NC population declined substantially, thus limiting the market
for many goods and services

1.1.2. Krasnodar Kral

More than a quarter of NC population are living in Krasnodar Krai There are
different estimates of Krasnodar Krai population For 1908 three numbers are
provided by different sources 4,940 thousand people for all population living in the
region, 4,819 thousand people for permaneni population by the end of the year
(those twn cotimales are taken from regional statistics), and 1,878 annual uverage
population (data from the federal statistical source [8]) While population m the
Russian Federation was stable in 1990 1994 there was a dynamic growth in
Krasnodar Krair bv 1,3 percent per year In addition to that, the share of rural
population 15 very substantial - about 46 percent and even growing, 1t g1ew hy N 4
percent in 1990 1994 - which was a very unusual trend

Presently, Krasnodar Krai, as well as North Caucasus and the rest of Russia, 15 a
Crisisland (see Table 2)

industrial production declined by 42 percent,

capital investments i 1994 were just one third of the 1990 level,
agricultural produetion in 1994 was 34 percent below the 1990 level,
consumer price index grew 1,000 fold, whereas average salaries just 818 fold

« 5 ® @

Table 2 EKrasnodar Krai General Economic Indicators

Units 1950 1991 1992 1993 1904
Population 103 48680 4798 4797 4579 4940
urban 109 2549 2587 2612 2649 2672
rural 104 2131 21561 2185 2230 2268
Industrial 1990=100 100 99 82 73 538
Productinn Index* 100 99 § 90 8 811 66 1
Fixed Capital 1990=100 100 89 73 81 35
Investments
Agricultural 1980=100 100 B9 76 79 86
production .
Index of industrial 1990=1 1 3721 1071 {10748 | 3467 3
wholesale prices
Consumer Frice 1990=-1 261 489 4896 45628 160800
Index
| Avitage Soalary 1990=1 1 19 188 | 1748 | 6161
* The upper number was taken from [8] with no specification of the hase year,

the number below was taken from the Krai statistical office and presents
constant 19904 prices
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12 TIndustrial sector

121 Russian Indusry i the Transition

Russian industrial gector i1s undergoing a very deep crisis 1in 1994 the index of
industrial production was just half of the 1990 level and two thirds of the 1980
level Many simulianeous transitions are under way within the sector:

¢ 1n 1994 the share of government owned industrial enterprises declined from 52 to
30 percent, whereas the share of enterprises with mixed property grew from 39
to 61 percent, and the share of private enterprises grew from 7 to 9 percent,

* purchasing power became a number one factor driving the structural changes of
Russian {ndustiiual sector,

¢ contribution to overall industrial output of competitive (on 1nternational
markets) industries grew against the background of diminishing role of
machinery and light industry,

» lack ul energy and resources conservation technologies 18 partly responsible for
making industrial structure heavier,

» more than 70 percent of enterprises have expired debts
12 2 North Caucasus

' Although information on physical indices of industrial output evolution in the
region by branches of industry 1s very limited, some available data are presented 1n

Table 3 This Table tllustrates how deep the industrial erisis 18, especially in such

industries as chemzical, hght, fuels produciion and ferrous metals produetion Two

‘ indusirles machinery and food processing - contnibute lo more than a hull of
overall 1adustrial production with food alone providing more than one third of the

I industrial output  Therefore, the NC industry 15 much less energy intensive

compared to many other Russia’s regions

Electricity generation and fuels production are two other major industries, followed
by chemucal industry and buwilding materials Lack of data on physical indices
expressed 1n monetary terms to illustrate the struetural shifts within the imdustry
was partly overcome by illustrations of producton declines of representative
products by industries (See Table 4) The dala presented confirm the depth of the
gconomic crisls in the industriasl sector of NC

Table 3 North Caucasus Industrial Indicators 1n 1990-1994

Share 1n 1993 1990 1993 |
Industrial Production 100 O 100 66
Electticity Generation 10 8 100 86
Fuels Production 88 100 b4
' Iron and Steel 30 100 b8
Non-Fsrrous 29 100 78
Chemical

Machinery .
Pulp and Paper

Buulding Materials

| Laght

Food

Qthex

) 100 41

100 51

100 63

5
3
5 100 85
4 100 b2
5
8

100 64
1090 N/A

I e
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Table 4 Basic Industrial Preduction 1n the North Caucasus

Units 1900 11993 1994 1094/1990(% )

Electricity bln kWh 68 8 51 5 49 1 33 6

01 X min 1 &8 6 1 61 709
Steel min.t 132 097 0 88 86 7
Metal Cutting Machines | units 6326 1811 1651 268.1

Plastics th t 348 230 198 58 9

Sawed Wood th m3 1880 753 528 28 1

Rewntoreed Concrete mln.md 6 05 2.00 304 50 2
| Sugar th 1 1708 1249 na 73.2%

*) 1993/1990

Source' Data for 1990 and 1993 were taken from [8], 1994 values are VNIKTEP
estimations

1.2 3 Krasnodar Krai

Becuuse ot unequality of price growth by industries the depth of economic erisis in
Krasnodar Kral industry measured in constant prices depends on the base year tor
the industrial output evaluation 1n constant prices or on the methodology of physical
index caloulation By any scale the decline 1s very substantial

‘ The structure of the industmal output in Krasnodar Krm differs even more
substanfially from many other Russian regions than that of the NC with food

l indusiry dominance (see Table 5). Emnergy intensive industr.es, such as ferrous and
non-ferrous metallurgy and chemical industry, all together contributed just 2 1
percent of the total indusfial output for Krasnodar Krni  Power generation industry
ranked second in the hst of most important industries followed by building
malerials, machinery, and fuel extraction industry

Decline by tndustries was very uneven the least decline was in the power seotur (G
percent), whereas chemical industry output fell down 5 fold

Table 5 Krasnodar Krai Industrial Indicators in 1990-1994

Share 1990 1681 1992 1993 1994
in 1904
Industrial Production 100 O 100 09 82 78 58
Electnicity Generation 100 101 97 93 04
100 113 90 93 89
100 107 61 46 356
100 107 61 30 20
100 72 48 33 20
100 90 75 ¥ 23
100 104 89 74 38
100 97 78 64 51
100 108 72 62 33
100 RA 71 64 52
100 98 82 73 58

Fuels Production
iron and Steel
Non-Ferrous
Chemieal
Machinery

Pulp and Paper
Building Materials
[ Laght

Food

Other

.
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1 3 Residential Sector

141 North Caucasus

Major characteristies of NC building stock are shown in Table 8 Analysis of data
presented shows the following:

¢ saturation of living area per capita in NC 1s close to the average number for the
Russian Foderation:

in 1990-1994 there was a munor improvement mn hving condittons of NC
population,

construction of new houses declined by 41 percent 1n 1990 1993,

f}l percent of population are Iiving 1n single, or two-three families private
holses,

41 percent of tenantis live 1n apartments,

the share of 5-storeyed and higher rise houses 1s very hmuted - less than 1
percent,

a substantial part of houses were private even before the economic reforms
gtarted, and presently 73 percent of dwellings are private,

given more than 50 percent of people living in private single-famuly houses, ptice

elasticily of energy demand in this sector should be ahove average for the
Russian Federation,

distriet heating is provaded to 44 percent of dwellings,

hot water Is supplied to 80 percent of all dwellings,

natural gas 1s supplied to 76 percent of dwellings,

on floor electric ranges are available only for 2 percent of dwellings.

Takle 6

North Caucasus Major Characterigtics of Residential Sector

Units 1980 1993 1994
Population IQ; 16890 17262 17518
Living area/cap m 16 1 16 2 16 4
Living area 10%m+ 235 278 282
New construction 10%m? 6 102 3 65 N/A
Share of 56-storeyed and % 0.6
higher houses
Characteristics ot urban
building stock
water supply Y na bb 57
canallzation % na 45 48
eentral heating % N 41 44
hot water % na 30 30
ag %o na 78 76
electric range % na 2 2

13 2 Krasnodar Kra1

A high share of rural population predeterrmunes the dominance of private houses wn

the residential sector - a very unusual sttuation for Russia’s regions
characteristics of this sector are shown tn Table 7

shows

Major

Analysis of data presented
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statistical saturation of living area per capita 1n Krasnodar Krai 15 not
far from the average for NC and the Russiun bederation, bul there are
some differences 1n various sources on this index,

i 1990-1994 hving conditions of Krasnodar Krai population daid not
improve,

construetion of new houses deulined, but not as miuch as other ecomonic
activities,

percent of Krasnodar Krai population hive 1n private houses;

less than forty percent of tenants live 1n upartments,

the share of 5-storeyed and highe: houses 1s very limuted - Jess than |
percent,

presently about three forths of dwellings are private,

district heating 1s provided to 68 percent of urban dwellings and to about
40 percent of all dwellings,

hot water 15 supplied to 48 percent of urban dwellings and to 29 percent
of all dwellings,

on floor electric ranges are available only for 4 percent of urban dweliings
and there is substanfial room for eleetricity to substitule natural gas
Many families heve on-table electric ranges. We have no data on
saturation of these devices, but we can estimate that 28 percent of
families use electric devices either on-tloor or on-table The crucial factor
1n competition between gas and electricity will be relative energy prices

Table 7 Krasnodar Krai* Major Charactenstics of Regidential Sector
Units 1990 1991 1992 1983 1964
| Populatian 103 4680 4738 4797 4879 4940
Living areu/eap m? 16 8 16 0 16 2 16 4 18 4
Living area 108, " 76 8 76 8 777 800 80 8
New construction 10%m? 149 121 10 12 12
Heating % 100 100 100 100 100
fuel Yo 65 59 56 bo B4
distnict heating % S0 36 39 89 41
electricity % 5 5 5 5 5
Hot water Yo 100 100 100 100 100
" fuel % 64 64 [T 61 61
disbrict heating % 26 26 26 20 29
eleatriciby Y% 10 10 10 30 10
Cockang % 100 100 100 100 100
fuel % 74 74 74 74 74
electmoity % 28 26 24 26 26
Private dwellings % 62 b 86 73 78
urban % 44 A5 47 515} 56
rural % 80 81 86 o2 02
Share of 5 gtoreyed % 08
and h.gher houses
Chaluuteristics of
urban bunlding stock
water supply % 69 70 6o 70 59
conalization % 60 65 66 65 66
control heating _ Y% 59 58 67 68 68
hot water % 42 48 48 48 48
£as % 67 75 75 75 75
electric range Yo 4 4 4 4 4
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14 Energy Balance
14 1 North Caucasus

The task requires to determuine electricity and heat demand for major energy
consuming sectors, wilth incorporation for inter energy substitution considerations
To implement this task energy balance for the regions were reconstructed from all
sources of information available for CENEf This balance 1s presented in Table 8

North Caucasus energy statistics in 1994 15 neither complete nor reliable Data
evailability for North Caucasus which 1s agreggated data by reglons always lagged
comparing wilh separate regions Lack of data for Chechnya since 1993 1s an

additional problemt This is why 1993 values were used as a base year in our
caleulations for NC,

Substantial additional data collection 1s requred fo improve the quality of the
results

Data presented 1n Table 8 allows to speeify several important observations

» NC 15 net importer of energy It 15 self sufficient only as far as coal 15 concerned
and even exports this energy resource, but substantially depends on natural gas
export (in 1984 loeal gas production covered only 15 percent of loeal
consumption), gasoline (49%), diesel fuel (60% ), mazut (70%), electricity (83%),

v growglg of primury energy consumplion (PEC) in 1985-1990 was very moderate
Just 6%,

' » 1n 1990-1993 PEC declhine (18%) was below that in overall economic activity
(about 34%),

l ¢ by energy consumption sector this decline was distributed in the following way
(in brackets there 15 the share of the sector in final energy consumption in 1990)
* industry and construetion -383%  (25%)

I *» agriculture +1 6% (11%)

+ t{ransport 28% (16%)

* residential and commereial 54% (B8%)

' + other -38%  {(9%),

| s growth in agricultural sector and very small decline 1n residential and commereial

sectors as well as 1m the energy sector 1itself prevented PEC from deeper
reduction

¢ NC has a very unusual for Russia structure of final energy consumption by
sectors - residential and commertial sector dominates over industrial one,

The strueture of final energy consumption by fuels 1n 1990 was as follows (in
brackets there are data for 1993)

cosl . T1%  (69%)
g3 30 2% (28 8%)
petroleum products 28 4 0% (28 2%)
electricity 108% (11.8%)
district heating 236% (24 3%)

* %X * ¥ =
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Tabie 8 WNorth Caucasus Energy Balance th tce —
|¥ear |Coat 3as Gaschne | Jesel Fuel [Mazut “TOther o pr]Hydro jiEiel:tnmty |Heat TlTotsaggw -
INDIGENOUS PRODUCTION 19851 21177 11 86595 5544 31 6172 ?'} 10803 8 , 560 Bi : ‘ e
! $99C' 1961151 Ba02 % 460t 1! 85550 7809 01 | 894 5 j b 22
‘ 1991 131648 61295 47337 80047, 88310 749 1 A1€.
! ' ] : : 744 Q] 364823
| 1992’ 126220 58765, 42882, 68276 71240 | ‘ 33
1 1993 120791| $4050! 26968] GS50750] 47265 847 3 | , Jos298
1934 104504] 51750 2204 6| 28565] 40415 7355 o 20563 &
MPORTS 1285|1884 5| 446649 5776 7! 73370] 8015 9} 1 zﬁ[ 68500 8
| t@ac| 13395| 698447 56918 46545 926 2
’ 5494 0 111755
1891 1759 7| 39218 | 2i7es
1892 1400 6] 15966 484 7 2487
1993 1095 2{ 120368 4366 1 47
1994 23736/ 19866 { 168 7 33313 ?
EXPORTS 1985| 14254 4] 11350 5] 53327, 35235| 4944 :?] 412 5 398180
19a0] 10253 4] 22375 6| 35763 56260 { 3736 06
1891 4386 5 | 4752 7 91
{1393 ; | 3863 3 3869 3
I 19_2_4.',\__ - _ . - ST DU M | _ Il ____._.k._ ”_T I
Salde 1985 ' 1644 0
1980 1644 0 . | Blsse
1991 B0B0 1| 35037 1 3033 0 Egsaz ;
1992] 5198 4] 329015 853 0 286521
1093 -4851 7 305745 2561 9 | 28234 7
1994] 3485 1) 287339 1742 5, 22998 3
STOCK CHANGES " tegsl  11288] 998360 5986 305 164 4 ‘ Soor g
1980 245598] -96715
1991 na ' I
1992 na l
1833 na l |
1994 na} B -
TOTAL PRIMARY 19851 9935 7| 2320378 58287 100166| 137110 , 560 6 709 3 ! égi? :‘
ENERGY SUPPLY 1990 7241 8| a419@1] 67169} 75835| 94530 894 5 552 6 reeat
1991} 71044| 411666] 64934] 75400f 98640 | 749 1 7413 13658 &
10a2] 7423 8| 387780| 56888) 74240] 80830 } 7440 a84 7 | sse26 1
ya33] 2274] 359295 37921 62785 72884 . 847 3 496 7 | eress s
L 1e94] 69653, 339039| 4668 gl __48430| 57310 7388} 1587 o h 70 6

ET 394
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e Year Coal Gas Gasaline |Dhesel fuel |Mazut Other ort pr|Hydro Electricity |Heat {Total
FLECTR GENERATION 1985 2911 8 4448 3 32 -2698| -75012 -560 6 6287 4 ' -94073
198¢C 31796 8171 6 -37 59 5 39248 -394 § 72270 ! 10005 9
1991 2960 ? 80148 105 9 4305 7 -749 1 73410 | 209246
1992 3487 1 80498 8 -783: 38723 ~744 0O 8707 1 | 92738
19393 3407 4 7692 0 -64 7 3486 4 -350 2 65334 g ' 81858
e _ 1994| 3364 7 70220 478 31013 -7355 5242 7 _ 82286
CHP Plants 1985 508 0 2488 0 130 22240 43356 -818 5
1990 2319 39580 -825 ¢ 42261 88749
1981 -188 0| -39280 -814 0 43107 0 933 0
1392 -168 6/ -33345 -307 6 3572 1 8386
1993 -79 2| -31180 6 -7209 31746 7441
1994 6940 -29830 15 -299% 0 29784 3741
DISTRICT HEATING 1985 -534 1 -7840 7 -15 103G 13638 4 8800 4 087 2
1890 -389 5 9225 3 18 -33 4, 1190 5 10145 9 894 3
1991 348 8 8589 4 -783 1124 8 95328 €08 5
1992 -3020 8092 0 4590 -697 3 8587 9 548 4
1993 -281 6 8104 4 319 -738 4 8629 9 525 4
o 1994 270 1 8000 0 276, 5001 8797 7
iWaste Heat Recovery Units 1885 5756 5756
1893 | 384 1 384 1
198° ' 3328 3328
1992 E 2901 2901
1993 264 7 264 7
1894
OWN USE & LOSSES 1485 -100 0 20194 -238 -12 3 -1246 1 247 4 3649 1
1990 <1000 3186 7 -26 8 56 -1294 6 204 8 4818 3
1991 -i00 0 2373 9 -25 3 55 -12489 -180 2 4543 8
1992 -100 0 2810 4 238 41 -1219 8 -182 3 44005
19493 -100 0 29164 209 41 -1182 2 -170 2 4403 8
B 1994 -100 0 2842 8 164 -1057 3 4016 5
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1

Year Coal QGas Gasoling  }Diesel Fued |Mazut QOther aif pr Hydrr Elecmicity |Heat Total
TOTAL FINAL 1935] 5880 7| 143670 58408] 96303] 26551 5897 0] 134640 577305
CONSUMPTIOM 1990 43989 18657 6] &7840| 72152 35141 5653 20 14551 3] 517733
1991] 3497 5! 176606 64681; 73873 35141 5695 31 137823| 589751
1992 3384 5| 163818 656650 73008, 28017 | 6097 6{ 12267 8] 539790
1993 3353 1| 141002) 5261 2| 61814] 23386 J 5756 2] -18390| 488858
1994] 31615 132411 46518) 47662 1890 1 ! E144 1 32854 8
[INDUSTRY TOTAL 1985 358 3] 4666 7 156 € 682C] 10412 ! 28183] 82397 179605
1990 2273| 51210 120 7 532 2 783 6 30851 81863 -80s562
1991 1825 44781 105 8 510 4 634 3 2979 6] 76812| 165720
1992 135 0| 36409 93 9 2118 4740 25818, 67753 141134
1893 1174} 28289 780 314 7 474 0 22079 52860| 121078
1994 903| 2214.9 46 2 262 5 3795 21612 5154 5
Fuel 1985 143 575 0 15 15 268 5 4574 11226{ 24407
1990 41 694 6 45 17 4 232 8 4312 966 4| 23678
1931 34 668 2 14 5 169 8 400 4 9638 22201
1982 23 626 8 93 2 3616 8923 19759
1993 14 3728 60 3 2814 B224| 15450
1994 07 350 8 343 385 7
tron & Steel 1985 509 5 15 44 1329 67 6 115 8 8316
1980 537 1 15 73 109 6 771 148 0 878 5
1991 527 3 73 101 4 725 1281 8371
1892 | 332 89 1 68 2 104 4 592 9
1993 | 254 2 87 7 5% 0 85 2 4820
1924 . 210 5. 82 2 2927
Mon-Ferraus fietals 1985 128 8 30 87 14 265 8 164 5§ 5721
1980 1127 116 27256 166 5 563 2
1891 107 0 l 1186 296 4 150 9 565 8
1992 96 6 ! 2101 107 3 4140
1993 89 7 \ 196 4 ap 7 376 7
1994 l 794 , 79 4
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Year Coal |Gas 1Gasolne | Diesel Fuel [Mazut Other oif priHydra Electncity {Heat [Total
Chemical and Perrochemical 1985 o 435 3] 1 54 15 1260 : 452 6 2047 B, 3055 9
1990 07 2941 | 116 5 '\ 5018 19248| 28379
! 1991 07 250 7 ’ 945 | v 4726 18261 26447
¢ 1982 o7 208 2 ; 69 9, ! ! 38z 4 1544 4 2205 %
. 1983 07 1311 ! 90 4 , i 3154 14729] 20105
1994 o7 95 5 o i 78 1| il | o b 1742
Machinery 1988 16 °C 456 6 10 4 1860 20 61 5415 4300 24971 3
1990 54 426 7 179 87 343 609 9 4831 2585 9
1991 34 3703 73 24 7 5737 1387 1 2366 4
1982 20 3289 206 530 7 11728 2054 2
1893 20 25686 178 446 1 1008 2 17306
1924 14 202 4 137 2175
Wood Faper Pulp & Printing 1985 397 30 145 96 64 8 3483 480 4
i 19340 830 3¢ 87 g2 734 341 2 503 5
1991 €21 73 58 38 6 3303 4737
1992 529 41 50 3 306 0 4233
1993 44 9 41 19 2 2774 375 6
B 1994 34 5, 27 ) 372
Constructive Materials 1385 219 2 2072 3, 10 4 52 2 3973 . 247 8, 772 2 3771 4
1930 1865 5 2248 3! 45 26 1 1973 282 2 788 9 36%2 8
1991 133 0 1867 6 203 165 8 245 3 724 3 31662
1992 991 14272 1318 207 9 559 1! 25247
1583 B5 5 976 4 142 5 1755 30¢ 6! 1980 4
. 1984 65 1 790 1 113 7 N 9689
Construction t 1885 1386 322 114 7 403 1 219 i41 4 1716 8985
1590 41 42 6 89 4 288 6 208 168 2 14% 9 7592
1991 41t 403 80 5 277 0 218 161 9 141 7 727 2
1992 3a 380 730 227 i92 1257 1350 6160
1993 27| 345 62 6 1726 164 1907 G 128 4 524 2
1994 144 322 5 & 139 2, 12 3} i B7 2 3081
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Year Coal Gas Gasochne Dwesel Fuet {Mazut Other ail priHydro Electnicity ]H;egt Total J
Textde & Leather 1898% B8 104 1 5[ 29 1328 3675 461 7
1990 58 i 133 4 345 5 484 €
1291 58 X \ 130 4 307 5. 443 €
1982 46 | , | 915 2933, 3893
H 1923 ol f '. 76 C 1918] 271 1)
L L 5 1934 _ 23 i I S | a ! 23
Food and Tobacco 1935 82t 247 8 6 C 165 3 54 8 2377 1568 7 2362 4
I 1990 46 1 378 4 162 4 521 2785 1704 7] 26191
1991 373 3439 163 9 46 B 264 6 1550 1 2406 3
1992 278 3013 425 2415' 13971 2010 3
! 1993 251 2588 52 1 2184 1458 6 2012 9
1994 210 240 4 ) 411 302 5|
Other 1985 54/ 1587 30 13 1 82 2060 1902 5846[
1990 14 317 15 55 2700 1735 763 4
1991 o7 234 6 15 41 2933 1713 705 4}
1992 2254 41 3019 164 5 695 g
1993 207 O 27 287 6 1430 640 4
1994 177 1 14 178 §
TRANSPORT 1985 40 7 12 4872 3] 239406 1087 4 6101 195 [ 97581
i 1990 17 6 23 5039 2 4068 7 1075 5 596 9 284 6| 11084 71
199% 143 46 46116 41064 1102 9 5385 259 5| 10637 7
1992 18 46| 38189 36555 1087 3 486 3, 256 0f 92950
1963 895 46| 34404 31030 757 6 452 4 2360 80034
1984 81 35 32189 29160 5617 | 241 1} ' _‘gmaﬂ!
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![ Year |Coal Gas G
asoline Diesel F
Agnculture 1985 1221] 213 8 3272 2?0?;5 Mazmag 3 Sherolpriivie_[Bleotneity [Heat Total
:gg? ig’ 8| 1208 3099l 22910 10850 | | gg? 3, o8l 49522
g o| 131l 4247 23383] ‘11097 | oss 2 Loo5] 54635
| ;992 33 3 143 8 4485, 27173 10412 | | 1138 608 2[ 57713
ngi f;g :2; g 433 6] 240271 8357 ! | 284 9 ?”"4 5
o 4 teeay 407 5
Pesid/iComm & Public Services 1985] 4434 0] 62388 4(11;15 1;23 ? 333 i‘ —- i 3532 g
1980, 3961 7| 76423 11820 1383 128 8 16970 8
1991) 31833 78246 121568 146 5 258 9 19639 0
1992 31283] 77970| 12831 342 2 243 9 19159 3
:333 g (1} &;-g ; 75440  12089] 2201 201 4 1;?2? :ggczi o jeeae
T 2 74647] 9058 121 8 147 4 hdd 01 4 185703
1985 B33 3 1380 67 1] 30305 48 0 ‘ 13366 5
+ 1880 713 124 2 122 2 187 1 53 4 1 4339 ass07
1991 271 1047 1103' 1958 30 1 7207 12788
1992 210 92 0 507 1740 16 4 8582 11272
:ggﬁ ?{3} 5 817 924) 1320 288 323 o aaze
| 6 79 4 5 81
NON ENERGY USE 1885 923 31088 o2 22 1;3 3 — - 25(5};
1990 665 56465 387 7 o ] 33967
1991 5021 51178 378 1 ' G027
1992 346 47040 43 8 | | 55458
1993 233 3680 o’ 41 1 ] | ! 47824
1994 129 33350 288 | [ f 3744 91
1 3376 7
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Energy produetion 1n NC 1n recent vears 1s dechining by all energy carriers (see Tahlc
9) Electrieity production declined tn 1990 1994 by 18 percent, heat generation - by
18% (in 1990-1993), mazut production - by 48%, diesel fuel by 67%, gasoline by
50%, coal bv 47%, o1l produetion by 58%, natural gas - by 19%

Specific balances for selectricity and heat are presented 1n Tables 10 and 11

Electricity consumption fell down by 20% 1 1990.1994 By sectors 1n 1994 (in
brackets numbers for 1990) 1t 13 distributed 1n the following way (in percent)

¢ ndustry 33.6 (37 b),
¢ congtruction 14 (22),
e agriculture 13 5 (12.6),
» transport TL (7T,
» residential and commercial 27 5 (23 4),
*  OWDN use 50 (48,
o losses 12 0 (11 8)

Major decline in electricity consumption was caused by construction (48%) and

industrial (28%) sectors followed by transport (26%), agriculture (15%), and
residential and commercial (6% ).

Industrial sector dominates heat consumption Its share declined from 64 5% un
1990 to 51% 1n 1993, but 18 shill very ugh Oveall heat consumption in 1985-1990
grew by 7.6 pereent, but then declined by 18 percent in 1990 1893 Decline in the
imndustrial sector was the major dnving force for overall heat consumption decline
Against thus background the volume of heat consumption in the second largest heat
consuming sector -residential and eommercial - grew by 7 percent.

Substantial additional data collection should be done to improve the quality of the
data presented for North Caucasus

142 Krasnodar Kra:
Dula presented in Table 12 allows to specify several important observations

+ there was no substantial primary energv consumption PEC growth in Krasnodar
Kral in 1985-1990 (only 1 6%),

o 1n 1990 1984 PEC decline (17%) was muech helow thuat n overall economic
activity,

s by energy consumption sector this decline was distributed in the following way

(1n brackets there 15 the share of the seetor 1n final energy consumplion in 1890)

* industry and construction 38%  (29%)
» agriculture 28% ( 7%)
* transport . 27%  (28%)
* residential and commercial 2% {30%)
*+ other 56% (6%),

e very small decline in residential and commercial sectors and in energy sector

1tself prevented PEC from deeper reduction

15
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Table 9 Energy production in the North Caucasus Region

1885 1920 1931 1992 1933 1994
Electnicity min kWth 51117 587566} 57243 9 54529 51503 49128
of which hydro 4558 7272 50890 6049 6889 5980
Heat, min Geal 95 884| 103 189 a7 87 054 84 4 na
Ol and Gas Condensate min t 10 807 8 628 7 93 7 057 61 3B
Mazut, th t 7886 5700 6446 5200 3450 2950
Diesel Fuel tht 4257 5900 55213 4G9 3500 1970
Gasoline th t 3721 3098 3177 2878 1810 1540
Caal tht 31 207 289 19 4 186 17 8 15 4
Natural Gas bin m3 753 5 567 £ 33 5 11 7 45
/6
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Table 10 Electnicity Consumption in the North Caucasus Region

R N R SR O Gr B AP a0 AE GE I SN OB O WE SR WS =

min kWth

' 1975 1980 1985 1990 1991 1992 1983 1994

lTotal Consumption 39124 5] 49195 9| 568844| 63248 3| 632709| 58463 5f 556215 80418

1T Industry 16554 192403 9| 217394 23714 4; 229082 19968 7 17080 8 16862

'Fuel industry 2731 6 3635 2 37187 3586 7 3255 2 29398 2287 6

Fetrous metalurgy 476 2 8181 549 5 627 2 589 6 554 7 446 8
Non-ferrous metalurgy 1887 2 1970 9 2160 8 2216 4 2410 17083 1586 &

‘Chenical and perochemucal 3007 31483 3680 4078 3 38426 3108 6 2564 2

Machinery 3ige 1 3864 3 4402 6 4958 8 4664 4315 3626 S

!Wood, Pulp and Paper 483 7 490G 3 526 7 8287 557 6 480 2 aq0

Builditg matenals 1647 2 1791 3 2014 3 MN315 1994 169C 3 1426 9

lnght mdustry 893 1035 1079 4 1084 6 1060 743 5 618 2

lchd ndusTy 1554 2 165€ § 1932 2 22395 2151 1963 8 1775 6

pther indusiry 6385 3 1284 4 1675 2 218954 2384 2 2454 5 23384

2 Caonstruction 7398 12597 1149 5 1367 8 131659 1021 6 862 7 709
3 Agnculture 4168 5037 6 7304 3 7982 8604 7 0227 4 2082 3 6787 3
4 Transport 33411 433C 3 49€0 4852 7 43781 37307 3677 7 3586
5 Residential and commercial 76188 101885} 116002] 14806 5{ 1521C G 145438 15248y 13877 7
Total final consumption 32421 7 41120 46753 4| 52723 4{ 531175| 48552 2} 459287 41822
Power sector - own use 21893 25189 2880 3041 6 3063 1 2986 4 2751 3 2517

{[Electnicity losses 45135 5556 72E1 7483 3 F09C 3 6230 9 5941 5 6079

{#
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Table 12 Krasnodarsky Krai Energy Balance th.tce
> |vear Coal Gas [Gasoline  [Diesel Fuel [Mazut Tother oil pritydro Elzctnoity |Heat Totat
INDIGENOUS PRODUCTION 1985 3416 €1 1633 0] 10524; 1911 7§ 672 1 60 8 ' 8747 6
19980 . 24727, 9178 200851 18926, 7357, 52 2i ; . 78766
199 2188 8. 438 | 7408 323 31 3850 45 4' ' 4121 1
1992 1618 € 397 8' 675 C 2980 243 0 615 ' 3294 1
1993 ;19813 289 515 & 645 2, 2419 47 4 : 3720 4
fgg4; ., 1938¢C 253 3! 461 9 336 7 2300 41 2| ' 3261 1
IMPORTS 1985] 14033 131510 43672} 52269 18347 660 O 26644 2
1990 1016%| 7939Q] 39858] 38680] 21307 10250 1958 8 21923 8
l 1991 9446! 761521 1941 5f 15839 22931 578 O 1922 4 16878 7
1992 7872{ 89718} 17329 16733| 20908 541 O 1635 1 17431 7
1993 s684| 78227 15734 13788 1378¢C 384 0 1514 7 147180
. 1994 536 1| 76380] 16645| 12665 14234 1250 843 0 133365
EXPORTS 1985 8224 0] 37041 33018 165 4 183 0 15578 3
199C 943S| 24343| 32422| 10548 7180 663 8 g117 2
1891 770 749 9 826 9
1992 510 568 3 8203
1993 ' : 54 3 449 6 503 9
1993 o N 64 8] 64 8
Sald> 198¢ 1242 2 1242 2
1890 .
1991
19937 |
1993
1984 ]
STOCK CHANGES 1985 828 -4626 939 283 1177 B53 1
1990 165 56 6 -101 3 64 1 309
1991
! 1992
1993
1992 : . L ! o
TOTAL PRIMARY 1985 14861 78911 22022 30068 34643 114913 60 8] 12422 20502 5
ENERGY SUPPLY 1990| 1028 1 9467 7| 24660  25300| 28325, 10427 522 12950 207141
1991 944 6/ 98040| 23785 23244 26164 886 454 11728 201729
1992 787 2| 105903| 21307 23482 23885 733 615/ 10657 20105 4
1393 668 4| 98040 18625  18923| 20231 5716 474 1086 1) 17834 5
1994 536 11 95760| 18178  17284| 17801 2902 41 2! 843 0i 35929

/g
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Year Coal Has Gasoline Diesel Fuel {Mazut Other o1l priHydra {Elecrricity |Heat Total
TOTAL FINAL 1935 15106 3544 3 21471 283130 1691 2 1085 2 ! 1844 0 3476 9, 182121
CONSUMPTION 1990 10729 4745 2 2449 8 2471 9 1811 8 1042 2 } 1811 6 393998, 192451
1291 986 7 4693 4 2361 7 2278 2 1689 7 885 7' f 1835 9 3794 2: 135264
! 1992 8191 50103 2115 8y 23021 16507 9 733 al » 1688 4 35039 176808
: 1833 6371 4353 7 18489 1 18565 1263 2 571 6 } 1638 6} 3186 0! 154088
L ; 1934 5741; 42910 1808 9 1700 1 1095 6 280 2 , 1468 8! 2718 4| 132471
‘NOUSTRY TOTAL 1985 25939 1662 1 2831 1326 27 : G8% 2 2108 7 51383
1920 165 6 1812 3 2175 171 4 7005 2163 2 5331 1
1991 1513 1761 3 186 3 144 5 j 581 4 20761 4800 §
1992 1228 1545 8 168 4 1323 5226 17793 4271 3“
1283 823 1292 8 140 * 1129 2550 ib22 4 3623 =+
1894 733 1327 0 1237 87 3 3845 1287 9 32836
Fuel 1885 138 4 2873 238 37z 153 6 812 8
o 1980 288 2 19* 5 iz 4 437 168 7 505 6
1991 ac1 172 1 104 40 3 1713 474 3
1982 64 5 166 4 104 388 137 3 417 4
1983 43 2 16505 89 396 1173 364 5
L 1994 380 153 9 60 351 33 8 326 7
l«on & Steel 1985 14 11 258
1990 66 1 15 05 283 26 4
1991 45 6 15 3 266 74 0
1992 388 09 o4 2186 651 7
! 1993 | 319 04 02 169 49 4
1934 _' 251 04 147 40 3
Non-Ferrous Metals 1935
1930
19
1992 | o1 o1
1293 01 01
i 1994 _ , b o 0o 00
£/
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T¥ear Coal 1Gas Gasolme  {Dwesel Fuel [Mazut |Other ol prlHydro Electricity [Heat Total
Chemcal and Pgtrochemical ; 1985 | 365 6938 3372 443 5
g 1920 i 125 ! 16 4 85 9 297 6 382 4
; 1991 80 | 119 54 4 2751 349 5
i 1992 80 . a2z 45 1 223 3 285 4
! I 1993 5 71 i 30 37 1 1933 242 1
r. : 1992 57 - X 1! 300} 143 0 189 2
Machmery : 1985 4 513 60 l 923 1985 3527 1
1990 27 58 1 60 15 361 179 & 34389
1991 20 52 < 50 15 838 171 7 317%
1992 12 45 6 45 1% 572 140 4 250 %
1933 07 365 30 a7 413 109 4 181 6
1994 a7 331 30 a7 360 921 1685 6
Wood Paper Pulp & Printing 1885 37 & 119 75 41 2 2011 298 3
4 1990 07 536 60 89 458 2049 3209
1991 04 465 7 G0 75 283 1281 286 9
1992 g3 41 0 45 75 242 178 2 255 8
1993 34 2 34 60 211 1380 202 2
1954 285 39. 45 281 122 8 186 9
Constructive Matenals 1985 6t 1 1106 8 104 76 0 123 6 2575 16345
1990 58 4 1203 8 75 B2 O 129 2 212 4 1683 1
199 54 3 1161 4 60 70O 1180 2091 1608 &
1892 45 5 982 7 60 65 6 1093 1730 1382 0
1933 346 BQ6 D 45 53 6 101 6 164 &5 1170 7
1994 285 Bh2 6 30 551 830 133 1 1172 3
Construction 1385 20 11 4 120 7 60 276 46 182 2
1920 2¢ 17 1 309 6 0 43 2 42 3 201 5
1881 20 14 8 730 GO 375 388 3720
1882 14 137 51 1 45 186 376 136 8
1983 10 114 52 2 45 179 309 117 8
1924 07 8L 46 21 30 24 0 263 108 2
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! IYear |Coal Gas Gasoline | Dicsel Fuel |Mazut Other ol pr|Hydro Electricity [Heat Total
[l Textle & Leather 1985 34 3 427 1154 1706
. 1980 46 399 829 128 4
. 1981 46 360 712 1117
, 1992 46 , ‘ 22 5 515 785
19934 34 ; 188 44 0 863
1994 34 ~ o 17 359 514
Food and Tobacco 1985 46 8 935 1222 194 101 2 7783 1161 4
1990 129 247 4 104 3 a7 140 8 8687 14159
1991 118 2257 92 4 358 124 2 847 7| 13376
1992 96 209 8 809 328 118 0 7731 12341
1993 71 176 7 775 26 8 098 6793, 10768
i 1994 48 182 4 68 5 231 105 8 592 6 977 2
Gther 1985 41 296 119 27 1797 513 2794
s 1990 07 581 30 1045 768 2431
1991 o7 399 30 58 4 66 5 168 5
1892 o7 35 3 15 88 4 436 168 6
1393 07 365 818 289 147 9
1994 07 274 207 275 76 2
TRANSPORT 1985 170 103] 18208| 11577F 11786| 1082°§ : 187 3 260 54802
1990 109 23] 1e370{ 16226/ 11890 10422 238 2 1007| 51428
1991 88 48| 18834 15347| 11892 885 7 ! 2253 1018 58035
1992 61 as| 17135 18018| 10370 7333 ! 226 0 987, 54209
1993 41 46| 15258 12933 846 3 571 6 | 2271 85 4] 4558 1
L 1984 27 34/ 15407| 1°880 736 1 280 2 | 169 2 691 40092
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Year [Coat Gas Gasohne  |Diesel Fuei |Mazut Other oil pr|Hydro Electricnty |Heat Total
Agnculture 1985 421 125 4 178 8 1096 B 358 3204 2335 20326
199G 13 6 58 - 39 8 490 2 417 344 2 1101 1160 8
1991 14 3 78 7 Q3 9 458 9 46 2 3383 1268 1156 0
1992 122 79 8 87 3 439 6 43 2 ! 2831 140 1 1021 9
1993 95 775 80 5! 350 2 417 i 283 5 122 0; 980 8
» o . 1994 75, 62 5 730 3218 34 3| 2798 1098, 8386
Population | 1985 | I
| 1990 274 4 274 4
! 1891 358 & 358 8
: 1992 3204 320 4
1993 3569 356 9
‘ 1994 418 4 418 4
Resid/Comm & Public Services 1985 1129 9 1653 0 113 2 219 0 120 7 69 959 8 4202 5
* 1990 838 1 2481 8 3800 53 1 129 6 31310 1156 O 5354 6
1931 774 3 2753 1 357 6 536 123 7 294 7 1270 2 5567 2
1982 648 1% 3302 6 2582 Q@ 50 7 1195 311 8 1284 1 6008 7
1283 heg r 28183 4 2265 3z 3 1132 268 2 1372 8 5504 3
1994 477 1 2844 13 184 8| a1 3 105 8 217 2 1238 4 5098 &
iNon specified sectors 1985 441 76 4 34 3 156 5 178 665 148 & 544 5
1990 387 68 4 328 834 75 300 4100 670 7
1931 ICI 73 C 268 44 7 60 2940 2803 490 3
1282 26 ¢ a3 22 4 a7 50 290 201 6 385 4
1893 14 46 7 16 4 a5 8 45 280 835 2291
1994 12¢ 383 104 253 45 270 133 128 8
NON ENERGY USE 1885 176 17 % 205 6 240 4
! 1990 61 217 269 7 2975
1991 75 22 8 2101 240 4
1992 34 182 169 9 1916
1993 2¢ 137 1445 160 2
1994 o7 11 4 117 7 129 8
o 1995

L7
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The structuie of final emrgy consumption by fuels 1n 1990 was as follows (in
brackets there are data for 1994)

*  coal 59% (42%)
¥ gus 250% (316%)
* petroleum products 37 0% (338%)
* electricity 10 2% (10 4%)
* digtriet heating 21 7% (200%)

Kruenodar Kray 18 s net importer of energy, and rehabilify of energy supply to a
large degree depends on reliability of external energy supply

Energy productiion in Kragnodar Krg) in recent years was relatively stable (see Table
13) Filectricity production declined in 1990 1994 by 11 percent At the same time

mazut production grew by 50%

Specific balances for electrieity and heat are presented in Tables 14, 15 and 16

Electricity consumption data present a significant amount of problems with data
reliability and consistency

The most substantial diserepances are resulting from the differences 1n the
determiation of electricity consumption 1n agriculture, residential and commercial
sectors Agricuitural electricity consumption reported 1 a number of sources often
contains energy consumption by rural population for non-productive activities This
volume should be shown 1t the residontial seetor Residential sector in seme sources
mcludes so calied other activities  Not enouph data were available to get all those
discrepances fixed As a result, in electricity balance presented in Table 15

residential, commereial and other sectors was combined

25
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Table 14 Electricity Consumption by Krasnodar Krai (daia from various sources)

Energy 1990 1991 1992 19938 1994
utilization and
information
sSolirees
Industry

VNIIKTEP 5344 & 4421 9 4097 8 8667 4 84271
INCOTEX 5345 4097 8 8667 4
TEB'90 5283
Kubanenergo’94 2925 6
(total quarterly)
V I Gorin (RAO 8768 7
EES ROSSI{)
Agriculture
VYNIIKTEP 4849 8 4568 7 4301 4 4354 3471 5
INCOTEK 2799 ab17 7 2871 4
TEB'90 1526
Rubunene gu 4478 8
Residential and
Commercial
VNIIKTEP 8208 6 3494 4 3188 2 3168 3 8472 6
{population
meluded)
VNHETEPR Ty 6 57T 4 583 2 261 3
{population
exoluded)
INCOTEK 1311 838 6 788 4
TEB’90¢ and 1811 7527 1117 1 469 5 407 3
statistic 11 CH
for 1991 1994

Kubanenergo 33l9 8 1556 6
V I Goerin (RAO
EES ROSSID
Residential
VNITKTFP 2211 2017 26805 2902
INCOTEK 3654 2604 8 2901 9
TEB’90 and 36564 3308 3 868 2 4411 6 3486 7

statistic 11 CH
for 1991 1994

__Kubanenergo __ _ o 3401 4
QOther activities
VNTIKTEP -
INCOTEK 1666 28516 2406 8
TEB’S0 1028
Kubanenergo 2764 8
Construction
VNIIKTEP 3509 804 6 151 2 145 4 195 4
INCOTEK 851 151 2 1454
TEB'90 205
Kubanenergo 195 4
Trangport
VNIIKTEP 198G 5 18816 1837 4 1846 1 1375 3
INCOTEK 1937 1837 4 1846 1
TEB’90 1693
Kubanenergo s 1375 3
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Table 15 Electricity Consumption by Krasnodarsky Krar*

th kWth
1980 1991 1992 1993 1984|Structure  [Rate

1994, % [1994/1890
Tatal Consumpton 17447 7] 16449 6{ 152703} 16002B] 135288 100 77 54
Ownelse 3852 3836 371 3 3654 286 211 74 25
Losses 1872 2 1444 8§ 1323 1461 2 1301 9 62 69 49
Final Consumption 15190 3] 14621 2 13676 131762] 11341 8 88 27 78 81
Industry £344 5 4421 8 A097 B 3667 4 29303 2166 54 83
Agrculture 2798 7 2750 2 2350 2435 22733 16 80 81 23
Transport 19365 1831 6 1837 4 1846 1 1375 3 1017 71 02
Construction 350 8 304 6 181 2 145 2 185 4 144 55 69
Population 2231 2917 2605 2302 3401 4 2514 152 46
Resid Commerc ,and Others 2528 7 2395 & 2534 5 21803 1766 1 13 05 69 84

* CENEF expert estimates based an vanous sources
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Table 16 Heat Consumption in Krasnodarsky Kra

&b BT GRBET/Z22/90

th Geat )
i 1985 1990 1991 1952 1993 1384]
Generation

CHP Plants 7353 8500 7930 7410 6200 5125
District Heat g 17024 18218 18166 16838 15875 1382%
Waste Heat Recovery Units 648 1680 1172 1000 845 610

Total 25025 28392 27268 25248 22920 195860
Consumption

1 Industry 14644, 14829 141727 12180 10430 8822
Power sectar

Fuel Industry 1074 1180 1128 960 820 656
Ferrous metalurgy 8 198 166 151 118 103
Non ferrous metalurgy

Chemical and perochenwcal 2353 2081 1924 16560 13562 1042
Machinery 13883 12E5 1201 982 765 644
Wood Fulp end Paper 1406 1433 1385 12486 965 859
Budding matenals 1801 1485 1462 12 0 1150 231
fltaght ndustey 807 587 498 360 308 251
Food industry 5443 6073 5328 54CH 4750 4144
other idustry 389 537 485 3085 202 192
2 Agnculture 1633 770 BBO 980 853 768

Transport 182 704 712 690 597 483
Construcbon 102 296 271 263 216 184

5 Other 1041 2867 18€0 1410 584 93
& Residential and commercial 6712 8084 8463 8980 2600 866
[Yotal useful consumption 24314 27550 26463 24503 22280 18010
Lasses 711 8438 805 745 6540 550
’Total Consumption 25025 28398 27268 25248 22920 19560
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£
no disagreement between the sources on the heat balance for Krasnodar
'12};21;9 lIS-‘Ieravt consﬁmptmn w1 1685-1090 grew by 18 5 percent, but then declined by
31 pervent 1n 1090-1994 The major decline occurred in industry - 41 percent It
was sbout as deep as indusirial output decline Against this background the volume
of heat con.umption in lthe second largest heat consuming sector - residential and

commereial - grew by 7 percent

1 5. Energy Prices

Skyrocketing of energy prices is one ot the most notlceable changes In the overall
energy picture of North Caucasus and Krasnodgr Kral Price evolution 18 presented
in Table 17 Data presented 1n this table indicated prices for the end of the year
Time limit did not allow for caroful fuels price data collection and aggregation in

the reglon

Average annual data used in caleulations were taken from two major sources
= Russtan energy prices, taxes and costs 1993 IEA/OECD. Paris 1994 100

b

—» Russian Onergy Pieture January-March 1096 CENEf Moscow 66 p

= For electricity and heat Krasnodar Krai data were taken Several sources
were used

Table 17 Wholesale energy prices (rubles)

1891 1992 1998 1994 Mareh
19956

Natural gas, m3 44 540 19166 64758 99111
Mazut, t - 9192 29500 83850 200100
Diesel fuel, t 471 16034 82700 2612560 4115250
Geasoline, t 117 18710 97974 3122560 6510400
Electricity, 100 - - .
kWh
industrial 5 406 3120 10350 15000
consumers
urban population . - 800 978 2927
rural population 333 683 2033
Heat for industrial 13 1599 5130 15055 15055
congumers

Tables 18 and 18a show nominal and res] energy prices corrected for the evolution of
GDP price deflator It 1y clear that real prices were growing with the sxeeption of
residential sector Deeclinel of prices in this sector was one of the major factors
neutralizing energy consumption decline Energy prices grew abruptly in the first
quarter of 19956

Relative energy prices evolve substantially For example, for residential sector
electricity price grew 8,333 fold in 1990 1995, whereas natural gas prices grew by
4,346 times, or just twice as slowly as electricity Steam coal price grew 3,833-fold,
and mazut prices - 1,019 fold Energy price competition within the limits of
physical 1nfrastructure bhecame a real factor of energy halance evolution for all
energy congumption sectors

30
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16 Quality of North Caucasus and K1asnodar Krai btatwtical Data

Quality of North Caucasus and Krasnodar Kral statistical daia which was used to
calibrate the model 15 rolatively poor This can be explained by three major factors

e tume limit for data collection process determuned by the time limat given to
CENE? to implement the project,

o poor quality and realibihty of energy statistieal data in the region, especiallv for
non utility sector,

o lack of culture io opruly puhhsh and discuss the energy sialisties,

¢ existence of geveral different basic methodologies of data clollection and
preparation used mn different agencies without noting which one was actually
used,

The qualily of these data was poor before and the sifuation 1s worthemng now
Substantial additional efforts are required to improve the quality of the data This
1ssue has another appli ation related to the presentation of the model results There
1s ro resson to sophisticate the modcl to the degree when additional accuracy of the
resulls 1 heyond the accuracy of the statistical evaluation of those indices,

2 (General Description of the Energy Balance Model
21 Complex of Models

Encrgy and economic date collection has always been a nightmare in the Former
USSR, and even more 30 now There were and still are many G&ifferent
methodologles and models for energy system evolution projections developed 1n the
Foimer USSR Many of these methods are not valid any morc and should be
replaced for atl leas! twa 1ousons

» the system of decision making 1s under significant evolution and models tuned to
command administrative economy w.th no 1neorporation of market parameters
fail to preaict final energy consumers' and energy producers’ behavior and
reaction to market signals,

« all models were developed to simulate growth of cnergy systim und not inotigh
knewledge s available for the description of energy system in periods of rapid
economic decline or revival

For those who are trving to .ncorporatc markct varlablcs in their madels face
another signuficant challenge lack of more or less rehiable information based an

which parameters of energy producers’ and consumers’ reaction to market signals
could be ealibrated

For modenng energy future of Krasnodar Krai a set of models developed at CFNES
was used Tlus set 13 composed from Regional Lnergy Balance model (REB) and
energy demand models for three subsectors

+ 1ndushy and constiuction (RECIN),
e agriculture (RECA),
« residential (RECR)

Shortage of information prevented us from calibration of two other sectoral models
Lor trun pord and compus e ad sector

a2
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4
Seetornl modcl~ ure ured to aggregate the impact on seetoral energy demand of such

factors as level of economic activity and energy prices Disaggregated information
15 used to calibrate aggregate model parameters ranges of elastleity coefficients

avolutien

2 2 General description of the Regional Energy Balance Model

This model describes energy demand by nine energy consuming sectors

» electricity generation,

CHP, »
boilers,

own use and losses of energy resources,
industry and construction,

agriculiure

transport,

1esidential and commercial,

¢ other, ineluding non-energy use

T & ¢ ¢ & 0

Si1x primary energy sources are considered' coal, other solid fuels, petroleum
products, natural gas, hydro and nuclear powcr Six secondary energy carriers are
considered far cach rector coal, other sohid fuels, petroleum produets, natural gas
electricitv, heat

Major exogenous variables of the model are

population growth,

rates of GDP growth;

enetgy prices hy fuels and by sectors,

volume of hydre power production,

efficelenry of heat and eleciricily generation,

elasticity coefficlents and intertuel price compctition functions

Elastic1ty ~oefficients for this model are taken from generalization of multiple
sectoral model rung  Using a set of various assumptions the range of poasible
vari~tions ~f cuch eoefficients was estimated Thereafter such renges were used in

REB model runs

REB model first estimates total energy consumption by sectors using energy demand
fund fions Price impacts minfluence the results through elasticity c<oeficients
Disiributed price effect 13 mirrored by having this and last year’s price growth
impacts on the given year energy consumpiion  Then overall consumption 1s
distnibuted by energy carriers using & mainx of shares Share of every energy
carrier depends on the furl quality (through special coetficients) and relative fuel
price  As a result of this operation, the matrix of final energy eonsumption by
secinrs and by energy sources 15 calculated

Own use ard losses are estimated by multiplying final energy consumption for each
energy carriet by a specific coefficrtent As a result, demand for electricity and
district beat 15 estimated (sum of final use and own use and losses) Then heat
generatior 1s distributed by two parts produced by boilers and CHP  Lack of
mformation A'd not allow ua to do this operation the way it could have been done

a3
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Therefore, energy consumed at CHP was estimated only for the fuel nnmiqnary io
produce only heat at CHP with all fuels for electricity generation at CHP transferred
to the electricity generation sector

Grven subatantial electricity 1mport to the region, the level of local electricity
production 18 delermined by electricity consumption and net import from the
regrong There 1s no heat import

After the level of electricity and heat generation 18 estimated, the structure of fuel
balance for the power and heat sectors is determined The first important tactor 15
efficlency of heat and electricity generation [t substamally affeets the volume of
fuel balance for power, CHP and boilers sectors Then, given the matrix of fuels
gshares determined ns a funetion of relative enerpy prices, every fuel consumption in
power and heat generating sectors is estimated

Primary energy consumption by fuels 18 a sum of final energy consumption, own use
and losses =nd energy consumption 1n electricity gererating sector, CHF and
boilers

Level of loral energy production determines the volume of interregional energy
trade

23 Model Cahbration

The mode! was calibrated based on North Caucasus and Krasnodar Krai data Lack
of economic data on North Caucasus (for example, regional energy prices) brought
us towards a division to use Krasnodar Krai data as a proxy in some instances As
was mentloned hefore, realibility of these data {5 questionable Improvement of dats
mput s will ioprove cahibration of mode] paoamotors

3 Projection Scenarios
31 Genera}l Assumptions

The futare of North Caucasus and Krasnodar Krat economic development 1s very
uncertmin A number of eruecie] external factors will substantially effect this future
Just a few to mention'

political stability in North Caucasus region,

ecoaomic policy of the Russian government,

rates and proportions of economic growth,

continuation of the trend of Russian population migration to the south,
evailability of fuels 1n the region and energy prices

*x %X ¥ ¥ x

Refracted through the prism of problems and specific features of energy supply for
the region, the region’s energy policy goals are formulated as follows

1 Reliable supply of energy carriers and energy services to consumers,

2 TImproving flexibility and adjustability of the energy supply aystem to energy
flow breaks and rapidly changing msarket conditions,

3 Creation of favorable conditions for energy trade with other regions,

4 Improving the diversity of energy sources used by attracting loeal resources,

3 Cooperation end coordination of activities of all energy market participants,

34
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6 Stimulating economic growth and improving the competitiveness of gonde
produced 1n the region by providing least-cost energy services,

7. Bustarnable and environmental friendly development of energy supply systems
through retional and efficient energy use,

8. Preserving the balance hetween energy demand growth and negative impacts
caused hy energy generation and utilization by coordinated and integrated
resource planning

There are a number of approved government decisions which can impact exogenous
priee variables:

transition to the full coverage of energy costs by tenants by 1998,
* transition to so-called world energy prices,

» tronsition of present regional energy commissions to professtonal ones with
meaking rate cases process transparent

Major exogenous impulses to the REB are

& levels of economie uctivily by sectlors,
¥ eherfgy prices

Two scenarios for those inputes were developed economic depression and economie
revival

3 2 Economic Depression Seenario

Future levels of economie activity are very uncertain Among various projections
for the future there is one of the most recent developed by the Central Bank The
firat seeraria was huilt based on 1t We named this scenario “«conomic depression”
It suggests that Russtan GDP 1n the year 2000 will still be four percent below the
1094 level (See Table 19) Therefore, 1t 18 a very pessimistic scenario Rates of
economie activities by gectors were taken from the Central Bank projections As to
gnergv prices, given depressed loeal energy market, cnergy lobby will press on the
government to bring prices up to the “world level” as soon as possible to keep
energy seclor alive, and the depth of depress.on partly will be a result of hugh
energy prices

In thie seenario economic depression is ecombined with high energy prices Such
combination leads o the minimum possible energy demand Sensibivity analysis
allows to identify variations of electrieity or heat demand as & result of varietion of
majoer exogenous parameters

Rates of economic growth are praoposed equal to -5 percent in 1995, 1 percent per
year in 1998 2000 and 4 percent per year thercafter Real energy prices in North
Caucasus and Krasnodar Krai in 2000 will approach the real level of “world” energy
prices By the “world” level average prices for the USA were used

Therefore, prices 1n 2000 will be (in April 1995 prices, in brackets growth rate)

crude o1} 270000 rubles/t (240%5),
gasoline - 1197000 rubles/t (285%),
natvral gas for adl selors - 181100 rubley per 1000 m3 (233%),

e electricity for industrial and other sectors - 250 rubles/kWh (2485), and
300 rubles/kWh for reaidential sector (1480%),

36
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s heat 51000 rubles/Gceal for all sectors (2838% [lor tndustry and 1350% for
residential sector)

Table 19 Russia’s Economie Development up to 2000 (annual growth rates a
forccast by Central Bank of the Russtan Federation)

1994 | 1995 | 1996 1997 1998 1999 2000

Gross Domestic 85 94 98 100 101 102 101
_li’rociuct

Piivate consumption 85 94 98 100 101 102 101
Fixed capital 74 a8 101, 105 106 108 105
investment

The aggregate 83 83 98 100 101 102 101
indusirial culput

Industry 76 02 97 100 101 102 102
Electric power 89 86 86 80 97 103 101
Fuel 88 04 96 99 100 101 101
Metallurgy B8 93 9¢ | 101 102 | 102 102
Chemicul and 66 91 97 101 102 102 102
petrochemical

Machinery 81 92 99 102 103 103 103
Timber and paper 67 94 98 101 101 102 101
Building materials 71 92 a9 102 104 104 103
Light 51 81 92 101 103 103 103
Food 76 94 98 100 101 101 101
Construction I I 4 89 101 105 106 106 105
Agriculture and o1 95 a8 100 101 101 101
foresiry

Transport and 85 94 08 100 101 102 101
communtcation

Trude 80 94 o8 100 101 101 101

Source Business World Weekly No 13/15

It was proposed that due to autoncmous, or non-price induced technieal progreas -
introduction of more efficient equipment and technologies by replacing obsoleto ones
- energy intensity in each final consuming sector every year will be 1 percent lower

Since market economy 1s under development, price elastisity will grow from 02, to
- 05 1n 1995-1999, and then to 1 since the year 2000

321 North Caucasus

In the econom ¢ depression scenario rleclrioty domand will grow by 11 percent in
2010 above the 1994 level, but 1t will stay below the 1990 level for all 15 years (See
Table 20) Tlectricity demand for the year 2000 13 estimated egual to 51,121 min
kWh, and in the year 2010 1t will equal 61,778 min kWh

The struclure ol electniesly demund by wuvetors will evolve mn the favor of industrial
sector, but 1ts share will not even approach the 1990 level Contribution of
residential and commercial sectors will be about one third against the background of
onc quarter in 1990

36
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Table 20. Electricity Consumption by Sectors
) Parameter BLECTRICITY
Industrv  JAgricult |Transpor Resident |Final Own Use {Total Index
Units |10°6kWh |10°6kWh [10°6kWh|10°6kWh |10"6kWh {10°6kWh [10°6kWh | 93-100

1990 | 25082 11 ¢ 7982 11 | 4852 85 | 14806 50 | 52723 58 10525 20 163248 78 113 71
1990 39 68 12 G2 7 a7 23 41 83.36 16 64 100.00
1692 1 20990 24 | 9227 64 | 3791 06 | 14543 90 , 48552 85 9917 O7 | 58469 92 105.12

YEARS 1993 | 17950 41 | 9052 85 | 3678 05 | 15247 97 | 45920 27 | 0692 68 55621 95 160 00
1995 } 13318 29 | 8003 99 | 25561 34 j 15681 92 | 39965 54 8434 13 | 48399.66 87 02
1995 27 52 16 54 6 12 32 40 82 BT 17 483 100.00
1996 13712 57 | 7860 99 | 2803 73 116566 02 | 41033 22 8859 47 | 49692.78 895.34
1997 | 18390835 ; 7864 32 | 2899 49 (17032 43 141704.59 8801 13 1 50505.72 a0 BO
1998 | 14021 32 | 7884 66 | 2004 03 [ 17344 05 |42154.06 8430.81 | 50584.88 00 94
1999 14144 02 | 7920 18 | 2908 64 17593 10 | 42565 94 8513.19 151079 13 g1 83
2000 | 14561 06 | 7772 41 | 2079 57 | 17646 34 |42959 38 | 8162 28 {51121.67 91 91
2000 28 48 158 20 5 83 34 52 84 03 15 97 *100 00
2001 158024 66 | 7991.14 { 3088 07 | 17255 67 43359 b4 8238.81 , 021597 86 92 77
2002 | 15579 21 | 8152 14 13199 76 | 17408 33 44339 456 8424 49 | 52763 94 94.86
2003 | 16154 14 { 8316 33 | 3315 50 | 17632 27 145418 24 8629 47 | 54047 7O g97.17
2004 ¢ 16750.18 | 8482 90 | 3435 42 {17867 12 | 46535 62 8841 77 | 55377.39 09 54
2005 17368 15 | B653 65 | 365967 |18110 29 | 47681 76 9061 43 | 56753 19 162 03
2005 3060| 1525 627 3191 84.03 1597 | 10000
2010 | 19498 87 | 9672 21 |1 3985 40 113197 51 52353 99 9423 72 | 6X777 70 111 067
2010 3156| 1566 6 45 31 08 84 75 1525 | 100 0G0

"
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Table 21. Heat Consumption by Sectors
! Parameter HEAT Consuwption
Industry [Agricull |[Transpor Resident [Non-SpeciFiral Own Use [Total Index
Umts 10°3Gcal ]10°8Geal |10°3Geal 10°3Geal {10°8Geal [10°8Geal {10°3Geal [10°3Geal 93=100

1990 | 57246 85 | 4360 14 | 1850 35 133260 14 ¢ 5039.86 [ 101757 834 | 1432 17 1103189.51 122 26
1990 b5 48 4 23 179 32 23 4.88 98.61 139 100.00
1992 | 47383 92 | 4090 21 {1790 21 (28400 79 § 4114.69 . 85788 B | 1274.83 87083 G4 103 15

YEARS 1998 | 43958 04 | 3960 14 | 1650 36 {30492 31 | 2150.35 | 83211.19 | 1180.21 84401 40 100 00
1985 | 39352 358 | 4383291 11567511 [3206581 | 3115 53 | 80441.74 | 115080 | 81592 34 96 67
1995 48 23 531 193 39 30 3.82 08.59 141 J00 Q0
1996 ! 38919.46 | 4106 86 | 1463 29 130234.02 | 3009.70 ] 77733.32 ] 1111 86 78845 18 93 42
1997 | 38536 19} 4041 32 | 1429 09 {28890 43 | 2965.80 } 76862.83 | 1099 41 77962 24 Q2 37
1998 | 38528.61 | 403791 (1416 94 {30010 53 2965.00 ] 76958 66| 1100 78 78059 76 92 49
1909 | 38624 24 | 4046.75 | 1408 57 130142 12 | 2969 13 | T7190.82 | 1104 10 | 78294 91 92 76
2000 | 39363 89 L 4008 17 | 1452 09 | 30231 29 3014 856 { T8070.29 11161‘68 79186 97 93 82
2000 49 71 5 06 1 83 38 18 3.81 98 59 141 100 00
2001 40557 77 | 4114 94 | 1504 97 | 30935 43 | 3097.92 | 80211.03 | 1147 30 | 81358.33 06 39
2002 | 41993 22 | 4191 7011559 40 31163 48 | 3195.81 | 82103.63 | 1174 37 ) 83277.99 98 67
2003 | 43479 25 | 426987 1161581 13151820 | 3296 77 | 84179.91 ] 1204 07 | 85383 98 101 16
2004 | 45017 59 | 434903 1674 25 | 31891 29 | 3347 99 | 86280.15§ 1234 11 | 87514.25 103 69
2005} 46610 16 | 443008 | 1734 81 (3227806 | 3300 97 | 88453 07§ 1265 19 | B897iB.26 106 3¢
2006 51 95 494 193 35.98 3.79 1 98 59 141 100.00
2010 ! 52022 86 | 4922 61 | 1942 28 34016 10 | 3509 84 | 96413 69 | 137905 | 97792 74 115 87
2010 683 20 503 199 34 78 3 59 98 54 1.41 160 00
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Demand projection for district heat 15 shown in Table 21 Tt will grow by 159
percent in 1994-2010, bul 1n 2010 1t will still be 5 2 percent below the 1990 level
After reduction driven by economie crisig the industrial sector will regain the share
1t the overall heat consumption It will nearly approach the 1990 level Local heat
generation capacities after proper moadernization and replacement of ohsolet
facilitiee will be sufficient to cover additional heat demand

Sensitivity analysis for this scenario (see Table 22) allows te make the following
conclusions.

¢ fluctuations of economie growth rates by ilc% will bring variation of electricity
demand by +6% wn 2010;

o growth of price elasticity coefficient from -0 05 to -0 1 1n 1995-2010 1s & very
substantial parameter for the projection 1t brings electricity demand down by 3
percent,

* non price promoted technical progress i1n improving energy efficiency 1s a very
important factor Absence of autonomous technieal progress in energy efficiency
will bring clectricity demand up by 8 5 percent and heat demand up by 86
percent,

o 1f electricity prices ave kept at the 1996 level, additional demand fmr eetricity
will be about 1 bln kWh 1 2010

Table 22 Sensitivity Analysis of Economuc Depression Seenaro for North

Caucasus
2000 2006 2010

Base assumptions Electricity 51122 56753 61778

D heat 79187 89718 977938
Plus 1% of economic Electricity 52397 59694 66428
annual growth 1n 1995.
2010 D heat 81b69 95070 104199
Minus 1% ot annual Electricity 49893 54034 584924
economie growth in 1985
2010 D heat 76897 84781 91921
Cocffirwent nf price Llectiierty 409729 56139 59985
elasticity 15 - O 1 since
1995 D heat 77230 87433 95264
No autonomous technical Electrieity 53237 81067 66968
progic  in «flicieney by D heat 824580 DB70s 108191
final consumption sectors
Stable energv prices of the | Electricity 51198 57721 62750
1965 level D heat 87828 99270 107984

322 Krasoodar Krar

In the economic depression scenano electrieity demand will grow by 21 percent in
2010 above the 1994 level, but it will stay below the 1990 level for all 15 years to
come Electricity demand for the year 2000 1s estimated equal {0 13,723 min kWh,
and 1n the year 2010 1t will equal 16,360 mln kWh

The structure of electricity demand by sectors will be more or less stable with a

shght growth ot the industry share at the expense of residential and commercial
sectors (see Table 23)
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A substantial part of electricity will be imported in the regian if the present volume
of slectiicity generation 18 kept until 2010 About 7 bln kWh 1n 2000 and 10 bln

kWh 1n 2010 will be required to cover the gap between the demand and present level
of electrieity generation

Demund projection for distiiel heat is shown in Tuble 24 It will grow by 216
percent 1n 1995 2010, and in 2010 1t will be 17 percent below the 1990 level
Higher rates of demand growth in the indusirial seetor will contribute to the
growing share of this seetor in the overall heat consumption Local heat generation
capacities after proper modernization will be sufficient to cover heat demand

Sensitivity analysis for this scenario (see Teble 25) allows to make the following
conclusions

» fluctuations of economie growth rates by +1% brings along variation of
electricity demand by £5% 1n 2010;
price elasticity coefficient 13 a very substantial parameter for the projection,
non price promoted technical progress tn improving energy efticieney is a very
mportant factor Abaence of autonomous teehnicul progress in eneigy efficiency
will bring electricity demand up by 7 percent and heat demand up by 8 percent,

* keeping electricity prices at the 1985 level will bring addifional demand for
electricity by O 8 bln, kWh 1n 2010

3.3 Economic Revival Scenario

3 31 General Assumptions

The second scenario 1s based on much more optimistic assumptions Economy will
revive Rates of economic growth are proposed equal to -5 percent in 1985, 7
percent per yrur tn 1998-2000 and 5 pureenl per year thereafter Thlus projection oy
spirtt 15 closer to the economie program of the Russian government titled “Reforms
and Development of Russia's Economy in 1995 1997", where as one option GDP
growth rates equal to 3 7 percent are considered for the year 1997

Rea] energy prices in Krasnodar Kraj in 2000 will approach the real level of energy
prices tn Moscow Region i April 1996 and all subsidies wi'l be removed Therefore,
prices 1 2000 will be (1n April 1995 prices, 1n brackets growth rate)

crude ol £70000 rubles/t (240%),
gasoline 1197000 rubles/t (235%),
natural gas for all sectors - 161100 rubles per 1000 m3 (233%),

electricity for indusirial and other sectors - 250 rubles/kWh (2485), and
300 rubles/kWh for residential sector (1480%),

» heat - 1000 rubles/GCal for all seclors (288% for industry and 1350% for
residential sector)

* & 8 &
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Table 24  Heat consu-ption
Parameter HEAT - = 1
Industry Agricult Transport Rasident Final Own Use Total ‘;ZZ‘;TCDMOH
Units { 1073Gcel 1073Gzal 1073Gcal 17°3Geal 1073Geal 1073Gcal 10°3Geal '94=10G
1990 } 15127 27  T768.93 704 20 8033 82 Z27552.45 848 25 28400.70 145.19
1930 53 26 2 71 2.48 28 46 97 01 2 99 100.00C ’
1993 | 10646 15 ¥53..5 597 .20 8600 00 22283.42 639 86 22820.28 117.17
YEARS 1994 | 2006 29  767.83 483.22 8€50.,14 138010 48 550 35 19560:84 100.00
1995 | 9306 79 837 74 494.589  9¢50 57 19683.468 570 83  20254.51 103 55 ”
1995 45 92 4 14 2.44 44.68 87.18 2 82 100.00
1996 | 9073 7¢ 778 22 456 65 B€38 09 18946 71 543 45 19496.17 99 &7
1997 { 8962 44 768 53 446 31 8533 40 13710 67  5:2 &1 19253.28 93.43
1998 | 8953.47 770 30 442 90 8560 95 13727 61 543 16 19270.71 93'52
1999 { 8867 52 774 37 440 67 8531 51 18774 08 544 45  .9318.53 98.7¢
2000 | 8309.38 770 09 442 77 B66.8 23 18741 07 543 49 19284 57 93‘59
2000 46 20 3 93 2.30 44 9 97 18 Z 82 13¢ 00
2001 ¢ 9210 27 789 37 460 73 8841 21 19301 57 358.75 19861 31 101 54
2002 | 9567 72 806.31 479 25 8853 30 19716 77 371 79  20288.56 ,03.72
2003 { 9938 9% 824 D2 49¢ 51 8941 81 20203.32 385 90 20789 21 105.28
2004 ) 10324 5 841 80 51€ 55 9024 34 27709.95 600 5% 21310 54 108.94
2005 | 10725 ¢3 860 16 3% 40 9112 22 21236.81 615 87 21852 67 111.?9 J
2005 49 08 3.9¢ 2.47 41.70 97.18 2 82 100.00 B r
2010 111984 29 955 5l 60€ 15 B8L63.45 Z3109.84 670 18 23779 82 121 57
2010 SG 40 4 02 2.55 40,22 97 18 2 82 100 0O
4Z
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Table 25 Sensitivity Analisys of Feonomic Depression for Krasnadar Kral

2000 2005 2010

Base assumptions Electricity 13632 149565 16360

D hesat 20254 21853 23779
Plus 1% of Leonomic Blectricity | 18894 16650 17174
annual growth 1n 1995-
2010 D heat 19759 23033 25194
Minus 1% of annual Electricit 13380 14391 15615
economie growth tn 1895- y
2010 D. heat 18829 20767 22489
Coefficient of price Electricity 13288 14590 15907
elastieity 15 - 0 1 since
1995 D heat TR799 21271 43133
No autonomous technical | Blectricity | 14125 15990 17566 |
progress 1n efficiency by D heat 20028 13389 25634
final comsumption seefors
Stable energy prices of the | Electricity 13656 15302 18678
1995 lovel D heat 21457 24206 20276

This scenario combines high economic growth with relatively low prices and 1t will
diternnie the upper level ot energy demand

3 3 2, North Caucasus

Resulls of electricity and heat projections tor NC are presented in Tables 26 and 27
Electrieity consumption in 2010 will reach 70,911 million kWh or 27 percent above
the 1993 level and 12 percent above the 1990 level The last milestone will be
reached after 2005 The structurc of clectrieity consumption by sectors will evolve,
but industrial sector (836% in 2010) will still dominate over the residential and
commerclal sector (28% 1n 2010), followed by agrieulture (14 3%), and transport
(7 3%)

Hiatriet hent eonsumption in 2010 will be 835 percent above the 1993 level Heat
demand in 2010 will be 10% above the 1990 level. Industrial heat demand 15 the
major driving force for this growth - industrial heat consumption will grow by 53
percent 1n 1893 2010 In 2004 1t will reach the 1990 leve! Due to sueh dynamie
growth the sharc of industrial district heat consumption 1n overall consumption will
grow from 50 percent 1n 1995 to 55 percent in 2000 and to 59 percent 1n 2010

Sensitivity anslysis displays vulnerability of results to the major assumptions made
of this scenarn Based on these two scenarios uncertainty of the future energy
demand tor the region will be covered and potential for the tuture electricity and
heat markets by sectors will be estimated

It 15 important to note that sectoral model runs with high rates of economie growth
brought us to the conclusion that higher rates of economic growth are accompanied
by lower energy demand to economic activity coefficient Therefore, each percent of
GDP growth in economic revival scenario 1s accompanied by lower electricity end
heat demand rrowth eompared ta the soanamie depreasion scenaria
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Table 26. Electricity Consumption by Sectors Hgh
Parameter ELECTRICITY
Industry {Agrieult }Transpor |Resident [Final Own Use  Total Index
Units [107°6kWh [10°6k'Wh [10"6kWh|10"6kWh |[10°6kWh |{10°¢kWh 10"6kWh { 93=100

1990 } 256082 11 | 7982 11 | 4852 85 {14806 50 | 52723.58 | 10525 20 (63248 78 113 71
1990 39 66 12 62 767 23 41 83.36 16 64 100 00
1982 | 20990 24 | 9227 64 | 3791 06 | 14543 90 i 48552.85 9917 OV | 58469 92 105 12

YEARS 1993 | 17950 41 | 9052 85 | 3678 05 [ 15247 97 4592¢.27 0692 68 | 55621 95 100 00
1995 | 13971 74 7922 49 | 2932 52 | 15836 10 40662.86 8581 29 149244 14 88 563
1995 28 37 16 09 5 96 32 16 | B2.587 17 43 100 00
1996 | 14703 36 | 7873 25 | 3037 32 | 16259 99 | 41873.92 8838 86 | 50710 78 91.17
1997 } 1529 96 | 7934.79 | 3204 57 | 16470.85 I43340.16 0146 29 | 52486 45 94.36
1998 | 16730 16 | BOOT 03 | 3378 91 | 16709 06 | 44825 16 8865 03 | 53790 19 86.71
1999 ¢ 17769 76 | 8092 79 { 3584 81 | 16938 79 {46366 15 9273 23 | 55639 38 106 03
2000 ¢ 18354 40 | 8110 61 | 3700 05 | 16839.79 | 47004 85 5930 92 155935 78 100 56
2600 32 81 14 50 6 61 3011 84 03 15 97 1006 00
2001 | 18013 97 | 8293.61 | 3856 00 | 17198 10 | 48361 68 8188 72 | 57550 40 103.47
2002 | 19795 62 | 8459.97 { 4030.52 {17492 17 | 49778 28 9457 87 159236 15 106.50
2003 § 30609 21 | 8641 27 {4212 93 17803 12 51266 53 9740 64 161007 18 109.868
2004 | 21456 22 | 8825.55 | 4403 61 | 18131 81 | 52817 20 | 10035 27 | 62852 46 113.00
2005 | 22337 66 | 9014.47 ] 4602.91 | 18478 59 | 54433 63 | 10342 39 | 64776 02 116 46
2005 34 48 i3 92 711 28 53 84 03 15 97 100 Q0
2010 | 25181 51 }10124 62 | 5196.51 {19591 27 | 60093 91 | 10816 90 | 70910 81 127 49
2010 35 51 14.28 7.33 27 63 84 75 15 25 10000

2z
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Table 27. Heat Consumption by Sectors High
Parameter HEAT Consumption
Industry jAgricult [Transpor |Resident |Non-Spect|Final Own Use {Total Index
Units |1078Geal  110°3Geal |10°8Geal j30°3Geal [10°3Gceal [10°3Geal 10°3Geal [10"°3Geal 93=100
1920 ) 57246 85 | 4360 14 1 1RA0 35 | 3326014 | 5039 86 [ 101757 34 | 1432.17 | 103189.51 122 26
1990 55 48 4 23 1.79 32 23 4 88 98 61 1.39 100.00
1942 | 47383 92 | 4090 21 | 1790.21 | 28400 79 | 4114 69 | 85788 81 1274.83 | 87063 64 103 15
YEARS 1993 | 43958 04 | 3960 14 11650 35 | 3049231} 315035 | 83211 19| 1190 21 84401.40 100 00
3995 3979363 | 4158 12 | 1503 50 {20554 04 | 307460 | 7808390 1116.87 8200.77 03 84
1995 30 24 5 25 190 37 32 3 88 98 59 1.41 108 00
1996 1 42257 72 { 4158 O7 | 1657 23 | 3025769 | 317861 { 81404 31 | 1164.37 | 82568.68 97 83
1997 | 44310.37 | 1133 81 1161065 | 2051996 | 318057 ] 8275537 ! 1183.89 83939.06 99 45
1998 | 46368 31 | 4125 90 | 1672 33 | 29211 30| 320088 | 84579.71 1209.78 ; 85789 49 101 64
1999 | 48873 256 | 4138 47 | 1747 92 | 29126 54 | 3236.75 | 86922.92 | 1243 30 88166 22 104 446
2000 | 49832641 4200 61 | 183289 | 29494 18} 325476 | 8861509 | 1267.50 | 898R2.59 106 49
2000 55 44 4.67 204 32.81 3 62 98 59 1.41 106G 00
2001 | 51523 24 | 4287 05 } 1910 14 | 30063 30 | 330571 ] 91089 453 1302 90§ 92392.35 109 47
2002 | 53537 24 | 4364.56 | 1996 60 ;| 30518 03 | 3368 68 § 93785 11 1341.45 95126 56 11271
2003 | BB629 45 | 4449.45 ) 2086.96 | 31000 28 | 3432 79 | 96598 94 | 1381.70 97980 64 116 0%
2004 § 57803 40 | 4535.52 | 2181.41 | 31511 37 | 349807 | 99529 78 | 1423 62 [ 100953 41 119 61
2005 | 60061 25 | 4623 62 | 2280 14 [ 32051 73 | 3564 54 102581 28 | 1467 27 1 104048 55 123 28
2005 BT 72 4.44 219 30.80 3 43 98 59 141 160 00
2010 | 6718386 { H152.84 | 2574 19 {33718.76 | 3674 61 ;112304.26 | 1606 34 | 113910 61 134 96
2010 58 98 4 52 2 26 29 60 323 a8 59 141 100 00D
G5
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Sensitivity nnalysis allows to make the following conclusions (see Table 28) ‘

Ld

[ ]

tluctuations of economic growth rates by £1% wnll bring variation of elecircity
demand by +6% n 2010,

growth of price clusticity cocfficient fiom - 06 10 -0 1 1n 1995 2000 will reduce
electricity consumption by 3%,

non-price promoted technical progress 1n improving energy efficiency 1s a very
important factor Absence of autonomous technical progress in energy efficiency
will bring electricity and heat demand up by 9 percent,

further 3% annual price growth after 2000 will bring electricity demand down by
0 8 bln kWh,

keeping electrieity prices at the 2000 level agamst the background of other prices
1eal grawth by 8% per year will bring additional demand for elasctrimity hy 1 3
bln kWh n 2010

Table 28 Sensitivity Analisys of Economic Revival Scenario for North Caucasus

3.3 3 Krasnodar Krax

2000 2005b 2010
Base assumptions Hlectrieity 55038 647786 70911
D heat 89683 104049 113811

Plus 1% of economic Electricity 57236 67994 749283
annual growth in 1995-

2010 D heat 02206 109656 120861
Minug 1% of annual Electricity 4674 61770 67186
economic growth in 19985

2010 D heat 87630 98808 1076838
Con [licienl of price Eleciricity 54117 62992 68919
elastieity 1s - 0 1 since

19956 - D heat 37885 101661 111255
No autonomous technical Electricity 58344 69889 77103
progress in efficiencv by D heat ORRAT 112689 124176
final consumption sectors

Real energy price growth| Electriuity 55836 63964 70087
by 3% per year 1n 2001-
| 2010 ) D hesat 85883 102725 112526
Real energy price growth Electricity 55536 65082 71368
by 3% per year for all

energ: carilers with the

exception of electricity D hest 808858 103148 112924

Results of eleciricity and heat projections for Krasnodar Krai are presented 1n
Tables 29 and 30 Electricity consumption in 2010 will reach 18,109 million kWh or

34 percent of the 1994 level and will be 4 percent above the 1990 level

The last

level will hs reached after 2005 The structure of electricity consumption by seclors
will evolve, but residential sector (36% in 2010) will still dommate over the
industrial sector (26% in 2010), followed by agriculture (13 8%), and transport

(11 4%)
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Tabie 29

Zlectricaizy Consumpticn by Sectors

Parameter ELECTRICITY Cors mpilion
ndustr. Agraicult Transpor Residert Fiial Own Uce Tzotal Incex
Units ~0"3khn 167 3kwn 10"3kwWh _u~3kWPF 137 3¥k¥H=» 10" 2Lk¥h 1C~3kWh *9I=]100
1980 5695 37 2798 70 1936 52 1759.67 15190 33 2257.72 17448 05 128 97
1990 32 64 16 04 1t 1¢ 27.28 87.06 12.94 100 00
1993 3812z 76 2435 04 1846 34 5082.28 13176 42 1826.83 15003.25 110 99
YEARS 1994 3125 69 2273 33 1375 61 5167.4B 11942 11 1586 88 13529.11 100 08¢
1995 2685 06 200¢ 93 1201 19 5272 6. 111569 79 16582 81 12822.60 94 18
1935 20 %4 15 60 g9 37 41 12 87 03 12.97 100.00
1396 2837 35 1%23 70 1226 1¢ 5511 11 11498 25 1713 24 13211 48 97 65
1997 3008 73 1932 90 1292 3t 5587.°¢ 11821 4@ 1751 48 13583.47 100 40
1958 3189 77 1%48 15 1362 4z 5656 E1 12156 86 1811 37 13958 23 103 2E
1399 3378 85 1966 58 1437 1& 5720 7¢ 12503 39 18€3 00 14356 32 106.1¢
2000 24B5 62 1967 70 1491 929 5691L.15 12636 46 1882 83 14519 29 107 32
2000 24 01 13 55 10 28 39 20 B7 03 -2 97 120,00
2001 3608 66 2005 26 1554.89 5797.78F 12966.L556 1932 02 14898 60 110 1z
2002 J753 96 2043 78 1625 25 5BB81.04 13304.0¢ 1262 30 15286.34 112.89
2003 3905 06 2084 82z 1698.82 5962 59 13658.CS 2035 06 _.5693.1%5 116.00
2004 4062 20 2126 65 1775.70 6063 03 14027.614 2090 12 .6217.7¢ 119 13
2005 4225 60 2169 29 1856 07 6163 24 14414 20 2¥£77 72 16561,92 122 42
2005 25 51 13 10 11 21 37 21 87 03 12 97 100.00
2010 4746 55 2423 27 2095 43 6485 15 15760 40 2548 30 18108.70 133 BE
2010 26 21 13 38 11 57 35 87 87 03 12.97 100.00
& F
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T=k.e 34 Heat Consumption by Seckors
Faramete: HEAT Consunption
Industry 3aqgr.ci 1t T.arspor Pesicent F.nal Jwn Use Tctal Index
Tiis 10~3Gca?l 10™3Gral 10"3Gca. 1073Gcal 1073Gral 10%2Geal 1.733cal  '94=100
1930 15127 27 769 93 TG4 2¢ 3083 92 27552 45 E/B 25 =23400.70 145 19
1990 53 26 2 71 2.4 28 46 97 01 2 9% 100 DO
19493 16646.15 853 15 597.20 9600 00 2228C.42 639 86 22320.Z8 117 17
YEARS 1994 ago6e 29 767 83 483.22 8660 4 18010 49 550 35 19560.84 100 00
1995 9350 55 837 74 500.17 9050 26 1973€.72 572 42 22311.14 103 84
19385 46 04 4 12 2.486 44 E6 9% ..8 2 82 100.00
19386 9610.86 85 74 492 .13 8608 88 19497.60 555 43 20063.03 102 &7 |
1397 9%88 .00 178 80 508.52 84907 _1 196835.44 570 82 20254.26 103 54
1398 10419 15 776 38 528.21 8301 .8 20025.12 530 73 20/05.85 105 34
19583 10907 81 177 78 551 6& 8257 €O 20484 87 534 35 2_089.22 107 81
2000 11153 58 738 17 572 61 8367.42 20887 12 635 15 2.493.53 102 a8
2000 51.89 3 67 2 649 38 4 97 13 2 82 100.00
2001 11524 89 801 66 603 00 8507 fo 21437 20 621 68 22058.88 112 17
2002 11965.67 815 47 630 23 8613 09 2202< 53 638 71 22663 24 115 86
2003 12423 16 830 23 658 82 8725 53 22637 4 656 49 23294.24 119 09
2004 12897 98 845 25 688 63 8B84S 30 23277 16 €75.04 23352.20 122 45
2005 13390 78 860 52 715 80 8973 95 23945 06 €94.41 2Z4639.46 125 96
2005 54 35 3 49 2 92 36 L2 97 18 2 82 100.00
2¢10 14925 24 953 83 812 &3 9384 O 26075 76 7536 20 25831 85 137 17
2010 55 62 3 55 3 03 34.97 97 18 2 B2 100 00
48
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Rates of growlh of district heat consumption are about the same - 34 pércent m
1994.2010 But heat demand even in 2010 will be lower than in 1990 Industrial
heat demand i3 the major driving force behind this growth - industrial heal
sonsumption grows by 88 percent m 1994 2010 In 2010 1t will practically reach the
1990 level Due to such dynamic growth the share of industrial district heat
vonsumption in overall consumption will grow from 48 percent in 1995 to 54 percent
1n 2000 and to 66 percent 1n 2010

Sensitivity analysis for Krasnodar Kral allows to make the following conclusions (see
Table 31)

¢ fluctuations of economic growth rates by ;j—_f% will bring variation of electricity
demand by +5% wn 2010,

s price elastieity coefficient 18 a very substantial parameter for the projection;

* non-price promoted technical progress in improving energy efficiency 15 a very
important factor Absence of autonomous technical progress in energy efficiency
will bring electrieity demand up by 7 percent and heat demand up by 8 percent,

» [urther price growth atter 2000 will provide a limited effect on electricity und
heat demand,

» keeping electricity prices at the 2000 level against the background of other prices
real growth by 8% per year will bring additional demand for electricity for 0 3

bln kWh in 2010

Table 31 Sensitivity Anahlisys of Economic Revival Scenario

2000 2006 20190

Base assumptions Electricity 14619 16562 18108

D heat 21494 24693 26831
Plus 1% of economic Electricity 14793 172563 18964
annual growth 1n 1895
2010 D heat 21988 26842 28957
Minus 1% of annual Electrieity 1425% 15917 17315
economic growth tn 1995-
2010 D heat 21015 23518 255608
Coefficient of price Electricity 13999 159568 17432
elasticity 18 0 1 since
1995 D heat 20833 23977 26003
No autonomous technical Electricity 15071 17710 19504
progress in efficiency by D heat 22257 26472 200486
final consumption seclors
Rt ul cnergy price growth Eleetrjoity 14519 18374 17916
by 8% per year in 2001
2010 D heat 21404 24350 26250
Real energy price growth Electricity 14519 16639 18334
by 3% per year for all
energy carriers with the
exception of electrieity D heat 21494 24440 26608

49




86/22/1995 11 55 7-5P3-956~2682 HAGLER BAILLY MOSCOW PAGE 87

[P VU S—

Conclusion

Model simulation of future growth of electricity and heat demand in North Caucasus
and Krasnodar Kral shows that electricity demand will go up to 49 7-568 3 bln kWh
1 North Caucasus and to 13 2-15 billion kWh 1n Krasnodar Krai in the year 2000
and correspondingly to 58.4 - 77 1 billion k¥Wh and 16 - 26 billion kWh in 2010
This range of uncertalnty allows room for addilional generstion of local electrie
power to substitute imported electricity, replace obsolete facilities and satisfy

growing demand

Heatl demand will grow up to 76 9 93 9 mullion Geal in North Caucasus and 18 8
22 3 million GCal in Krasnodar Krai in the year 2000 and correspondingly 91,4
124 2 million Geal and 22 §-29 Geal i the year 2010 1t will approach the 1990
level 1n 2004 1n North Caucasus and i 2010 1n Krasnodar Kral

Such relatively large range of the projections uncertainty results from the
uncertointy with the future economic development as well as from data shortage for
the mode]l caltbiation It seems that this range covers all trajectories of future
electricily and heat demand evolution forcscoable 1n North Caueasus and Krasnodar

Krai for the coming 15 years
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