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Chapter 1 - Executive Summary 

The Government of Georgia (GOG) and USATD agreed, in January 1998, to carry out a 
p l m n g  study to ident~fy and pnontize techca l  and financial requirements for the 
rehabilitation and development of the electnc power and combined heatlpower subsectors 
The basic intent of the study was to assist the Government of Georgia to define an appropnate 
capital Investment plan for the power sector through the year 2010 Burns and Roe 
Enterpnses, Inc along with a team of Georgian and US experts were retained to determine the 
least-costly options for meeting electncity demand dunng the study penod The study took 
into account strategic needs for relative energy independence, increased supply reliability 
requirements, and environmental compliance of the hfferent options considered in the plan 

The first objective of the study was to forecast the likely demand for electncity dunng the 
next 20 years and to select an optimum mix of major capital projects for generation and hgh  
voltage transmission that would meet the country's needs for electncity in the penod from 
2001 through 2015 A second object of study was be to provide an annual investment 
program showing the capital requirements for the rehabilitation and expansion of the 
country's generation and transmission facilihes The thrd objective of the study was to 
transfer the technology for power system p l m n g  and related methodologies to Georgian 
professionals in engaged in the business of electncity supply 

1 2 Major Conclus~ons and Recommendat~ons 

The Georgian economy is in a state of recovery GDP is expected to grow at a rate of 6% in 
the 1998-2000 penod and at about 4 5% from 2001 to 2010 As a result, the demand for 
electncity in Georgia is expected to grow fiom about 8,000 GWh in 1998 to 12,000 GWh in 
2010 This growth will be gradual at first but will pick up momentum as the economy gains 
strength 

The major needs of the Georgian power system include the restoration of its large and 
medium hydro electnc power stations, and repar and strengthemng of the hlgh voltage 
transmission system Much of h s  work can be accomplished at relatively modest expense in 
terms of money spent per kilowatt of capacity 

Due to shortages in capital to begin implementation of cntical projects, it is likely about three 
percent of the demand for electncity will not be met dmng 2001 and 2002 If adequate 
capital resources can be put in place in the next one to years, electnc~ty demand should be 
satisfied thereafter 
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Key projects for immediate attention include the following 

The thermal generation capacity will be adequate for the near fkture with the completion of 
the restoration of the 300 MW Unit 10 at Gardabani This super-cntical cycle natural gas 
fired unit is being returned to service at the end of 1998, following an extended outage due to 
severe damage that resulted from a fire in 1995 

Table 1 Key Projects For Near Term Implementation 

1 3 Electr~city Demand 

Prepmng a credible demand forecast for Georgia presented a particularly difficult problem 
Convent~onal analytical tools for demand forecasting have been developed for more or less 
stable economies Specific features of Georglan economy made the reliance on conventional 
forecasting methods unreliable, and multiplied the complexity of estimating the future 
electncity demand and load curves for the country Thls high degree of uncertainty is a result 
of a number of specific features regarding the current situation in Georglan relative to 
electncity demand and to the economic situation in general 

Cost 
Mill USD 

91 9 
5 7 

25 3 
22 8 
14 4 
16 2 

136 0 
1 0  
0 4 

12 3 

The Georgian economy is in a radlcal transformation, with major structural changes 
under way 
Electricity tanffs to date have shown limited impact on consumers' behavior because 
of poor payment enforcement 
The pattern and the level of consumption have been only slightly affected by pnce 
increases and Income changes 
The poor state of electnc installations, the power supply, and consumption 
infrastructure was constrained by low supply availability in recent years 

Restored 
Capacity, MW 

1300 
216 
112 
130 
113 
110 
320 

Project 

Enguri Hydro Station 
Vardnili 1 Hydro 
Lajanuri Hydro Statton 
Jlnvali Hydro Station 
Khrarm 1 Hydro Station 
Khrami 2 Hydro Station 
Gardabani 320 CC 
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Current 
Capactty, MW 

880 
72 
60 
65 

113 
110 

0 
Menji-Tskaltubo 220 kV Transmssion Llne 
Zestaphoni-Kutaisi 220 kV Transrmsslon Lme 
Zestaphonl-Central500 kV Transrmssion Lme 



Georgia Electricity Sector Least Cost Development Plan 

The system of models for projecting electncity demand in Georgia had to be developed to 
deal with the complexity of the factors affecting demand in different sectors and lack of 
availability of statistics for identification of effect of those factors The Center for Energy 
Efficiency (CENEf), located in Moscow, was selected by Bums and Roe Enterpnses, Inc to 
develop projections of electncity demand for Georgia along wlth an evaluation of electncity 
utilization efficiency improvement potential CENEf created and calibrated a complex of 
models developed for the purposes of energy demand projections Seven models were used 
for making projections of electncity consumption and loads for the years 1998-2020 

Electncity demand projection models developed by CENEf were based on economic 
development of the country For estimating electncity demand for regions we considered two 
scenmos of evolution of Georgian economy 

Slow Growth Scenano (Base Case Scenano) - G e o r ~ a n  GDP annual growth rate is 6% in 
1998-2000 penod and 4 5% in 2001-2020 
Corrected Strong Growth Scenmo - Georgian GDP grows by 10% annually in the years 
1998-2000 and by 6 5% annually in 2001-2020 Within t h s  scenano Commercial and 
Services sectors are expected to develop much faster than in the case of the basic Slow 
Growth Scenano As a result they will grow in size and importance relative to other GDP 
sectors (industry and apculture) 

GDP growth was estimated for each of the main sectors of the economy in five reglons of 
Georgia in both scenmos Using the procedure proposed by CENEf for electncity demand 
projection, electncity consumption was estimated from future and hourly load demand curves 
denved for each region for the penod 1997-2020 Expected energy efficiency improvements 
were also taken into account in the study The expected improvements were included in the 
basic assumptions used to forecast energy consumption rates and daily load patterns The 
Base Case scenano was selected as the most likely course of economic development in 
Georgia, and the least cost planning model studies were carned out using the Base Case 
projections, for the most part 

With the Base Case assumptions, growth from current levels of activity is expected to occur in 
all sectors of the Georgian economy for the entire planmng penod See Figure 2 below (Note 
Figure 1 has been intentionally omitted) Thls will result in an increase in demand for 
electncity 
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The resulting electriclty demand forecast for the Base Case scenario 1s presented In Table 2 If 
only economlc growth drove the electriclty demand In Georgia, ~t would reach about 20,000 
mllllon kwh In 2020 That is 15% above the 1990 level However, price and policy induced 
energy efic~ency improvements are expected to stem thls growth at 16,488 mill~on kwh, or 
94% of 1990 level 

The breakdown of electrlc~ty consumption by the maln sectors of economy 1s presented In 
Table 3 It 1s clear that growth of demand 1s mainly driven by the corresponding growth of the 
industrial and agr~cultural sectors whlle consumption In resldent~al sectors remains almost 
unchanged 

Table 2 Total Electricity Consumption GWh 
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1990 
17450 

2000 
9502 

1997 

7363 

2005 
9946 

2010 
1191 1 

2015 
13396 

2020 
16488 
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Projections of the average wintertime daily peak loads in Georgia are presented in Table 4 

1 4 Hydroelectrrc Generatron 

Table 4 Average Daily Peak Load Projectrons for January 

Hydroelectric generation will continue to be the most important source of electncity for 
Georgia for the foreseeable hture Geographc and weather features provide rel~able 
conditions for hydro generation, and the extensive investment made dunng the Sov~et Era in 
the country's hydro resources provides a good basis for restonng exist~ng plants to a hgh 
level of product~on capability Hydropower's share of total generation is expected to range 
from 64 to 73 percent over the planning penod Thls share w11 start to decline after 2010 as 
more thermal capacity is introduced to the system 

Load (MW) 

The total mstalled hydroelectnc capacity m Georga is reported to be over 2,800 MW distributed 
among over 100 plants An mtial screemng idenbfied 21 large and mehum plants for poss~ble 
rehabilitation The charactenstlcs of the 21 existmg projects are presented m the following table 

Table 5 Exrstlng Hydro Projects - Key Data 
Installed Generation, GWhIyr Total Cost 

Project Capaaty, MW Exlstlng Rehab Mlllion $ $/kW 
Engun 1300 2600 4070 101 0 83 
Vardnrli I 220 470 470 8 1 37 
Jlnvah 130 350 500 22 9 136 
Khraml I 113 230 317 14 5 128 
Ladjanun 112 330 425 25 3 226 
Khraml I1 110 254 370 16 2 147 
Tlubuli 80 125 165 21 2 265 
horn 49 248 325 16 7 486 
Vartsrke 1-IV 184 700 1000 54 3 295 
Gumatl I 44 155 255 21 4 486 
Shaon 38 145 148 16 8 437 
Vardnlli 11 40 0 90 36 0 900 
Vardmh III 40 0 90 36 0 900 
Vardnlll IV 40 0 90 36 0 900 
Zahesi 44 150 210 16 1 366 
Gumatl I1 23 95 138 17 4 486 
Ortachala 18 40 90 12 0 670 
Atshesi 16 62 97 9 2  670 

Totals 2557 5954 8852 481 0 

1997 
1461 

All of the above projects were evaluated as being economical candidates for rehabilitation 
dunng the study penod In most cases they represent very cost effectlve projects for restonng 
Georgia's power production capability 
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1998 
1579 

2015 
2658 

2020 
3271 

1999 
1859 

2000 
1885 

2005 
1973 

2010 
2363 
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In addltlon to the ex~sting hydropower plants, 18 projects have been proposed and studied as 
new generating plants The key charactenst~cs of the proposed projects are presented below 

Table 6 Proposed Hydro Projects Key Data 
Installed Generation 

Project Capac~ty, MW GWhJyr 
Khudoni 638 1450 
Chen 107 347 
Jorkval~ 160 496 
Tvlshl 100 404 
Namakhvanl 250 928 
Zhoneb 100 346 
Tsagen 140 488 
Paravani 120 443 
Mmadze 4 1 108 
Dzerva 25 55 
Po~uchala 20 120 
Rustav~ 14 55 
Abuli 8 5 37 
Mutso 2 4 15 
Gubazeuli Cascade 80 327 
Zeshponi Cascade 118 610 
Tskhenistkali Casc 12 624 
Ston Cascade 11 65 

Total 1947 6918 

Cost 
Mlll~on $ $/kW 

338 530 
120 1401 
168 1260 
141 1410 
259 1036 
134 1335 
174 1240 
168 1400 
70 1700 
54 2200 
39 1940 
3 3 2350 
18 2080 
5 2100 

84 2350 
136 1900 
114 2300 
29 2600 

2084 

Although some of these projects appear to offer very good cost-to-capacity benefits none of 
them were found to be economically attractive for implementation dunng the planning period 
T h ~ s  was due to a few key factors Georg~a already has a surplus of peaking power capaclty 
Many of the proposed plants have rather low energy production capab~lity dunng the wlnter 
months, when the need for power IS at a peak in Georgia Gas fired Combined Cycle plants 
are relat~vely inexpensive to operate at base load condit~on in Georgla, due to nearby sources 
of lnexpenslve natural gas Because of this, they provide stiff competition for hydro plants 
that have low nver flow conditions dunng winter months 

1 5 Thermal Geaerat~on 

Thermal power has h~stoncally played a secondary role in supply~ng Georg~a's electnc 
energy This trend is expected to continue unt~l  sometime after 2010 Thermal power is 
prlmanly needed to provide base load energy d u n g  the fall and winter low water seasons 
However, as the ava~lability of hydroelectnc stat~on sltes that can be developed at low costs 1s 
exhausted thermal power will increase its share of total generation At that time, gas fired 
combined cycle units will become the domlnant technology for new plants New gas fired 
combined cycle un~ts  were the only thermal technology that was found to be economical for 
the Georgian system Two un~ts of 300 to 400 MW are expected to be needed dunng the 
2001 - 201 0 penod 
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Georgia has only one major thermal power plant located at Gardabani to the south of Tbllisl 
Ths  has ten condensing cycle units with a total nameplate capacity of 1850 MW Many of 
the units are old and all have suffered fiom neglect dmng the recent economlc cnsis Six of 
the unlts are either retired or unable to operate reliably Currently only 480 MW are available 
to produce power, but a second 300 MW w t  is expected to be on line by the end of 1998 
following extensive rehabilltation A second 200 MW oil fired station is located at Tkvarcheli 
in Abkazia T h s  plant is reported to have been badly damaged dmng the civil war 
Restoration is very unlikely due to its low cycle efficiency and the relatively high cost of he1 
oil 

The remander of Georgia's thermal units are In poor condition, and many are beyond repair 
There is an 18 MW, three-wt, CHP plant in Tbllisi, which operates at reduced loads due to 
poor condition and the lack of sufficient heating load The distnct heating distribution system 
in Tbilisi has been badly neglected and much of the eqmpment has been destroyed It is 
questionable whether it is economical to restore the system, given the high capital cost of 
distnct heating systems and Georgia's relatively moderate heating season A second CHP 
plant and distnct heating system m Rustavi is in worse condition 

The study evaluated the rehabilltation of existing thermal plants and found the costs to be 
relatively hgh  when compared with the installation of new combined cycle w t s  Ths  held 
true for both the larger condensing cycle units at the Gardabam Station and for the smaller 
CHP u~llts The only exception to t h s  finding involved the possible reclammg of one or 
more of the steam turbines at Gardabm Some of the turbines from the retired u t s  may be 
rehabilitated and installed in combined cycle units at a savings over the cost of new steam 
turb~nes 
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1 6 Transm~ss~on Improvements 

The study ~dent~fied 12 major transmission projects that should be Included in the system 
improvement and expansion plan for 2001 to 2010 These include the following projects 

The pnonty of repalr or completion for the above circuits have been determined, in part, by 
the use of the Integrated Planning Model developed dunng the course of this project In 
addltion to the prompt rebuilding of the Menji-Tskaltubo 220 kV and Zestaphonl-Kutalsl 220 
kV lines, the completion of the construction of the Zestaphoni - Gardabani (vla Akhaltsihe) 
500 kV transmission line were determined to be the highest pnonty 

Project 
Engun - Sukhumi - Russia 500 kV 
Engun Menji Double 220 kV 
Engun - Zestaphoni 500 kV 
Zestaphonl - Central 500 kV 
Zestaphonl - Chiatura - Khashun Double 220 kV 
Gardabani - Central 500 kV 
Jinvali - Telavi 220 kV 
Akhaltsihe - Turkey 500 kV 
Reconstruct Ksani - Azerbaijan 500 kV 
Reconstruct Menji - Tskaltubo Double 220 kV 
Reconstruct Zestaphoni - Kutaisi 220 kV 
Reconstruct Zestaphoni - Khashun 220 kV 

Total 

Further integration and interconnection of Georgia's power system to its neighbors, including 
Azerbaijan, Russia, Armenia, and Turkey can result in the creation of an integrated power 
system that would be beneficlal to all of the national systems There are significant economlc 
and technical benefits to be denved for all of the partles involved in the creation of large 
interconnected power systems One of the first steps toward thls end will require the 
rehabll~tation and strengthening of the existing transmission facilltles in the Georgian system 
The rebullding and modernization of the control, communications, and dispatch infrastructure 
wlll also be an essential step for further integrating the Georgian system with its neighbors 

Cost - USD x 1000 
$87,833 
$45,547 
$79,520 
$12,424 
$5 1,652 
$74,618 
$12,043 
$57,408 

$2,753 
$950 
$316 
$792 

$426,856 

Thls project included a transmission system rellabillty evaluation of the proposed least cost 
development plan for the major generation and transmission facilltles In the Georglan electnc 
power system The proposed improvements were found to be technically feaslble and to 
represent an economical plan for medlum and long-term system development 
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1 7 Investment Requirements 

The ~nvestment requirements for major capital improvements for the Georgan electnc power 
system will total approximately $400 Million USD for the penod fiom 2001 to 2005, and 
$574 Million USD from 2006 through 2010 The specific projects and their costs are shown 
in the table below 

In terms of cost for unit of capacity, the investment costs are relatively low due to the fact that 
most of the work that is required to restore the system involves rehabilitation of older hydro 
electnc stations There is only a limited amount of new thermal capacity that will be required 
to meet the system's generation needs 
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The sums of the tnvestment needs for the vanous technologies involved are shown In the 
following table 
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Table 8 Total Capital Investments 2001 - 2010 by Technology - Base Case 
Technology 

Thermal Plants 
Hydro Plant Rehab~litat~ons 
Hydro Plant Add~tions 

Hydro Plants Subtotal 
All Power Plants Subtotal 

Transmiss~on 
Total 

Capacity Additions and 
Rehab~litatlons 

MW 
470 

1300 
783 

2513 
2983 

nla 
2451 

Capital Investments 

USD Mill~ons 
235 
nla 
nla 
650 
885 
88 

973 
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Chapter 2 - Objectives and Methodology 

The Government of Georg~a (COG) and USAID agreed, in January 1998, to carry out a 
planning study to identify and pnontize technical and financial reqmrements for the 
rehabilitation and development of the electnc power and combined heatlpower subsectors 
The basic intent of the study was to assist the Government of Georgia in defining an 
appropnate captial investment plan for the power sector through the year 2010 B m s  and Roe 
Enterpnses, Inc , along with a team of Georgian and U S experts, were retained to determine 
the least expensive options for meeting electncity demand dunng the study penod The study 
considered strategic needs for relatlve energy independence, increased supply reliability 
requirements, and environmental compliance of the different options in the plan 

The first objective of the study was to forecast the likely demand for electncity dunng the 
next 20 years and to select an optimun mix of major capital projects for generation and high 
voltage transmission that would meet the country's electncity needs in the years 2001 through 
2015 The next objective was to provide an annual investment program showing the capital 
requirements for the rehabilitation and expansion of the country's generation and transmission 
facilities The thlrd objective was to transfer technology for power system planning and 
related methodologies to Georgian professionals engaged in the business of electncity supply 

A number of related studies of the Georglan energy and power subsectors were underway or 
had been completed by other development assistance orgamzations The study team made 
appropnate use of the completed work, and coordinated work as closely as possible with other 
organizations that were active in the field This allowed the study team to focus on the areas 
of rehabilitation and construction of new facilities for power generation and bulk 
transmission, and to leave other areas such as rehabilitation of the distribution system and 
organizational reform to others 

2 2 Data Acqu~sition 

Power generation and transmission p l m n g  requlres a wde  spectrum of accurate data on 
different aspects of the electnc power system The quality of the planning results is 
dependent on the quality of the input data In th s  respect the study faced a great challenge 
slnce both availability and reliability of the data is far fiom satisfactory In most cases, the 
data that was obta~ned needed additional processmg, vahdation, and cornpanson w~th  data 
from other sources 

The complex nature of electnc power systems requires the consideration of a wlde spectrum 
of techcal,  economic, and other issues In the recent transition penod many important items 
of information simply have not been recorded This was due to a breakdown m the 
institutional infrastructure that was previously responsible for data gathenng, as well as 
physical limitations Currently, as a result of deficiencies in metenng and communications 
equipment, even the dispatchers do not have full information on the system's condition 
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Data was obtalned from a wide array of sources in Georgia Sakenergo, Energogeneratsia, 
Energogadatsema, and the dispatch center provided most of the informatlon on exlsting plant 
conditions and operational data Design institutes such as the Georgian Energy Research 
Institute, the Georgian Hydroproject Institute, and Energosietproject provided lnformation 
about prospective generation and transmission projects Experts from these institutions also 
provlded expertise and advice regarding the quality of available data, whlch was a valuable 
contnbution to the project 

An Important component of the data collection and validation effort was a senes of weekly 
toplcal workshops conducted at the Ministry of Fuels and Energy Leading specialists from 
the power sector attended the seminars and provided knowledgeable information for 
validation of our data and preliminary findings 

The lnformation on existing hydropower plants was collected mostly from previous studies 
and from Energogeneratsla There were studies by European consultants, Electrowatt, BEA, 
and others In addition, Energogeneratsia prepared scopes of work for repairs to existing 
hydro plants However, Energogeneratsia focused mostly on repairs of electrical and 
mechanical parts needing short-term improvements Similar assessments were obtained from 
Hydroproject Institute, which addressed civil work and safety needs at these plants 

The Energy Research Institute provlded data on the actual physical condition of existing 
plants and assessments of future plant sites This included informatlon on turbine wear, 
stream-flow projections, and sed~mentation data for potential plant sites Historical data on 
plant performance was obta~ned from the dispatch center and other departments of 
Energogeneratsia Information on prospective projects was obtained from the Hydroproject 
Inst~tute, which performed feasibility studies including the design work construction cost 
estimates for all major hydro projects currently under cons~deratlon Selected sites were 
visited In order to venfy the data collected from different sources and the general level of their 
accuracy 

Most of the thermal power plant information was collected from condition assessments 
conducted dunng prevlous Bums and Roe work However, several site visits were arranged 
in order to assess the conditions of thermal power plants that had not been previously 
evaluated This included investigation of the Rustavi Steel Mill cogeneration plant and 
evaluation of the potentlal for rehabilitating the retired steam turbines at Gardabani 

An assessment of the Tbillsi CHP was conducted dunng the distnct heating study under 
U S AID Dellvery Order No 11 This study provided information on the rehabilitation needs 
and generating capabilities of that plant An assessment of the Gardabani power plant was 
provided under previous U S AID Dellvery Order No 8, whlch detailed information on the 
production costs and condition of the units at that site 
There is very little information regarding the proposed Tkibuli coal fired TPP Most of the 
available information is focused on the Tkibuli coal mine However, a similar coal fired plant 
was studied for installation at a similar slte in Armenia Data from that study was used to 
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estimate the capital and operating costs for the Tlubuli plant No detailed technical 
information could be found on the Batumi thermal power plant, which is currently under 
construction Estimates of that plant's operating parameters and costs was made on the basis 
of typical values for similar gas turbine power plants 

High voltage transmission system information was mainly obtained from Sakenergo and 
Energogadatsema They provided scopes of work for major repairs needed at HV substations 
and for replacing transmission lines that were looted d u n g  the penod of civil stnfe The 
Energosietproject Design Institute is prepanng designs and estimates for new transmission 
lines and for replacement of some of the demolished lines Energosietproject provided the 
scopes of work and cost estimates for those projects 

The dispatch center provided information regarding actual capabilities of the existing 
transmission lines, the patterns and regimes of system operation, and records of actual 
operation regmes 

The information on alternative sources of energy was obtaned fiom the Department of 
Renewable Energies of Energogeneratsia, Mimstry of Fuels and Energy, Karenergo, and the 
pnvate firm Eneco The latter provided information on wind potential at the site with the 
hghest wind potential, Mount Sabueti, together wth  the estimates of power generation 

2 3 Demand Forecast 

In order to identify potential for building additional power sources m Georgia and develop a 
least cost plan for expanding the power generation and transmission resources, there is a need 
to estimate future electncity demand for the region and evaluate the impact of electncity 
efficiency improvements on the consumption patterns and loads Such a task is a challenge for 
any country Most of the analytical tools used to make future projections of electncity demand 
have been developed for more or less stable economies Specific features of the Georgian 
economy multiply the complexity of estimating future electncity demand and load curves for 
the country 

This hgh  uncertainty of future electncity demand is a result of the h g h  level of uncertainty 
regarding the economic evolution in Georgia A number of specific features produce 
additional difficulties In projecting Georgian electncity demand 

The economy is in a radical transformation, with major structural changes under way 
Electncity tanffs have limited impact on consumers' behavior because of poor payment 
enforcement 
The pattern and the level of consumption have been only slightly affected by pnce 
Increases and income changes 
Because of the poor state of electnc installations, the power supply and consumption 
lnfiastructure was constrained by low supply availability in recent years 
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Models to forecast electncity demand were developed to take Into consideration the various 
energy sectors These models accounted for the lack of quant~tatlve data 

Burns and Roe Enterpnses, Inc selected the Center for Energy Efficiency (CENEf) to develop 
projections of electnc~ty demand for Georgia, along with an evaluation of electncity 
utilization efficiency improvement potentla1 Based on data collected, CENEf created and 
calibrated the complex of models developed for the purposes of energy demand projections 
Seven models were used for mak~ng projections of electncity consumption and loads for the 
years 1998-2020 (See Fig 1) 

- 
ECONOMY 

- 
GELGDP 4 
A 

IGELlNDIf 

-' GELRES 

F I ~  1 S y s t e m  o f  M o d e l s  f o r  P r o j e c t ~ n g  
G e o r g l a n  E l e c t r ~ c ~ t y  D e m a n d  

COMPARE This model was used for identification of correct time senes from 
hlstoncal data subsequently used in all other models If corrections of statistical data 
occurred, hlstoncal data was updated In all other models through connections 

ECONOMY This econometnc model was bullt to estlmate rates and proportions of 
economic growth when rates of GDP are given Output from this model was used as 
input in all other models 

GELGDP This model was developed to estimate electncity consumption by different 
sectors of the economy Electricity use by the power generation system and technical 

F~nal Report 
Volume 1 Chapter 2 Page 4 September 1998 



Georgla Electrlclty Sector Least Cost Development Plan 

losses were also considered by th s  model Only two sectors were considered 
separately - industnal sector and residential sector 

GELIND T h s  model was used to make projections of electncity consumption by 
branches of industry 

GELRES Ths  model was bullt to estimate electncity consumption in the residential 
sector 

GEL This model was adopted for Georgia to make projections of electnc loads and to 
estimate demands 

GEB Thls CENEf model was adopted for Georgia GEB is an energy balance model 
whch provides projections for six pnme energy resources, SIX secondary energy 
carriers, and ten sectors of energy consumption Ths  model evaluates the impact of 
evolution of energy pnces and taxes on energy demand T h s  model was used to 
control the quality of results recelved by the GELGDP 

Model output provided demand forecasts for major sectors of the economy, residentla1 sector, 
and industnal branches as well as hourly load curves for the average weekday of each month 
The time frames were extended through the year 2020 Three scenanos of Georgian economy 
development were considered - slow growth, strong growth, and strong growth with 
onentation on services The demand scenanos also Incorporated the potential for energy 
efficiency lmprovements 

In order to take into consideration the whole infrastructure of the Georgian power system and 
model generation projects, together with the main transmission links withn the least cost 
development plan, Georga had been divlded into 5 regions It became necessary to develop 
electncity demand projections for each of those regions 

Burns and Roe consulted wlth CENEf and employed the models developed by CENEf These 
models were used by Burns and Roe to project electncity demand for the regions 

Electricity demand projection models developed by CENEf were based on economic 
development of the country Two realistic scenanos of evolution of the Georgian economy 
were considered in estimating electncity demand for the regions 

Slow growth scenano (so called basic scenano) - Georglan GDP annual growth rate IS 6% 
m the years 1998 to 2000, and 4 5% in 2001 to 2020 
Corrected strong growth scenano - Georgian GDP grows by 10% annually in the years 
1998 to 2000, and by 6 5% annually in 2001 to 2020 Withn t h s  scenano trade and 
services sectors are expected to develop much faster than in the case of the basic slow 
growth scenano As a result, they will grow in size and importance relative to other GDP 
sectors (industry and agriculture) 
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For each scenano future development of the main sectors of economy was estimated wlth~n 
each region Using the whole procedure proposed by CENEf for electncity demand 
projections, future electnclty demand was estimated, and hourly load curves were denved for 
each reglon for the penod 1997 to 2020 Energy effic~ency improvements were also taken 
into account 

It should be noted that dlv~dlng Georgia into 5 regions was based on power transmlsslon 
considerations and did not correspond to any administrative structure of Georgia Data was 
prov~ded by the State Department of Statistics, the Ministry of Economy, Sakenergo, and the 
Energy Research Institute, which was the basis for the estimates Due to the lack of a direct 
correlation between the administrat~ve regions and transmission regions, as well as poor 
statistical lnformatlon for the regions, a number of assumptions were made based on 
consultat~ons wlth the local experts 

A detailed descnptlon of the methodology used for projecting electnclty demand as well as 
the results of demand forecast are presented in Chapter 4 of Volume 2 

2 4 IPMO Opt~muat~on Model 

The Integrated Planning Model (IPM) developed by ICF Kaiser IS a dynamic energy utllity, 
long term development planning model and is designed to facilitate decision making In 
selecting electnc power generation capaclty structure and dispatching An optimum energy 
supply plan is needed to ensure the most efficient method of meeting electnclty and heat 
demand for industnal and domestic needs 

Optlmum plans are developed by minimizing the net present value for fuel costs, heatlng 
generation, capltal investments, transmission line construction, and existlng facility 
rehabilitation dunng the plannlng penod The capital Investments are ~ncluded in equ~valent 
form as annuities that are calculated as part of total investment at fixed payments on capital 
[~nterest] The minimized sum also includes costs and revenues associated with electncity 
purchases and sales outside the energy utility and energy effic~ency project costs 

When the energy system is modeled, ~t is represented as five lndlvldual regions These are 
modeled as independent power consumption centers connected by power transmission llnes 
This allows the IPM model to determine the optimum loadlng for existing transmlsslon 
connections, and identify the need for effective reinforcement of the transmlsslon 
infrastructure by new transmission line construction 

In order to factor into the model the irregularity of demand for electnc power dunng the year, 
the annual demand for these resources is differentiated by seasons Load curves are plotted 
for each season which are further divlded into five sections - peak load, base load, and three 
~ntermediate loads 
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The main model constrants are capacity balances within each load curve section for each 
region by season Another essential limitation is the mstalled power plant capacity needed by 
each region to cover its peak load and to ensure a necessary margin of reserve capaclty 

Mimmization of total production and capital costs ensures objective commercially-optimum 
dlspatchng (utilization) of available generating and transmission resources to meet balance 
conditions, as well as the commissiomng of new resources in view of servlce-life efficiency 
The extension of the modeling scope beyond the p l m n g  range (in thls case to 2015) enables 
the end effect of investment decisions to be determined 

Depending on study objectives, the IMP model can operate with such power facilities as 
groups of power plants, m&vidual power plants, and even individual units w i h n  plants 
Major techtllcal and economc parameters of each unit are used as input data and operating 
possibilities of generatmg equipment by season T ~ H  indicates whether a specific power plant 
can be unloaded or shut down d u n g  the mght hours or over weekends, or if it should operate 
continuously, running at a specific mmmum load The IPM model factors in such seasonal 
facility worlung capacity constraints in optimizing load schedule dispatchng 

For the purposes of t h s  study, one important feature of the model is its capability to descnbe 
existing power plant rehabilitation and upgrading processes P M  proposes algorithms for the 
timing and specific rehabilitat~on methods for optimzation of each facility 

The IPM optimized solution was set forth in tables showing a generating capacity structure 
and power generation by sub-region, intersystem flows, operating and capital costs, new 
power plant and transmission line commissioning, and other relevant data The model version 
used for the Georgian electnc power system development study allows for input data and 
output reports in conventional Russian measurement un~ts 

All P M  modeling was c m e d  out for the following aggregation of power and heat 
consumption regimes, power generation technologies, and intersystem power transmission 
ties 

Time intervals - analysls of electnc power development was carned out at five-year 
intervals, 1 e , representative years 2000,2005,2010, and 2015 In order to account for the 
end effect of investment solutions, the modeling honzon was extended until 2030 
Regional details and tranmission connections - the power p d  was represented as five 
regions 
Energy consumption - the electricity consumption reglmes for each region by seasons are 
represented as a five step duration load schedule 
Energy generation technologies - when describing the generation capacity of each region 
the larger power generation units were singled out to be considered on an individual basis 
The other smaller power plants were treated as aggregated generation groups In addition 
to general t echca l  and economic data for each power plant and generation technology, 
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the model accounts for power plant equipment capabil~ties when used on a winter or 
summer load schedule (mandatory minimum load, maximum capacity usage hours, etc ) 

The value of the discount rate for modeling calculations was assumed to be 15 % for the 
penod from 1998 to 2005 and then 10 % thereafter Interest on capltal investments for all 
new facil~ties was equal to 12% 

2 5 Investment Plann~ng 

The results of the IPM optimization modeling provlded results in terms of capacity and 
~nvestment requirements for four time intervals 1998-2000, 2001-2005, 2006-2010, and 
201 1-2015 Optimizing for these three to five-year penods, instead of on a yearly basis, 
allowed for the consideration of more options and for a clearer definition of the optlmum long 
term solutlon for the power system's development However, this multl-year optlm~zation 
approach does not prov~de the sort of results needed to develop annual plans for 
commlssloning new plants and transmission projects, nor does ~t provlde results that can be 
interpreted in terms of annual capital expenditure requirements This is because the IPM 
model IS based on a linear prograrnmlng methodology, which operates on the assumption that 
generating units and transmlssion lines can be commissioned gradually While this 
continuous solutlon approach provides accurate projections for long term optimization 
programs, it does not provide results in terms of discrete start-up dates for generating unlts 
and transmlsslon lines A subsequent simulation analysis using iterative TPM model runs is 
needed for this purpose 

Once an opt~mum solution or set of alternative solutions has been ident~fied, the IPM model 
can be reapplied on the basis of a year by year analysis, to provide output in terms of annual 
capaclty add~tions These results can then be used to develop annual capaclty expansion plans 
and capital Investment forecasts This technique was used to develop annual plans on the 
basis of the optimized model runs for alternatives development scenarios In each case, year 
by year model runs were performed using input denved from the multi-year optimization 
results However, the model was constrained to require that specific transmlssion projects and 
generating plants, or major portions of generating plants, be commissioned in specific years 
The commissioning dates were established by aggregating the gradual commiss~on~ng 
sequences from the ong~nal optimized results into single mid-span years The IPM model 
was then run again to venfy that the adjusted results conformed to the ong~nal optimized 
model results Iterative IPM model runs were required to develop a set of plant 
commlssloning dates that closely reflected the optimization results In terms of life cycle NPV 
cost 

The annual comrnissionlng schedules were then used to determine the annual capital 
expenditures that w ~ l l  be needed to meet the required start-up dates Thls was accomplished 
by entenng the annual construction costs for specific plants and transmission facilities into a 
spreadsheet, and tallying the costs for all of the plants on a year by year basis 
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Chapter 3 - Electricity Demand Forecast 

3 1 Evolution of Georglan GDP and Electricity Consumpt~on - 1990-1997 

Georgia reestablished its independence in 1991 Ths important pohtical event was followed by 
civil wars, e t h c  confhcts, and economc catastrophe Some decline of the natlon7s GDP was 
already regstered in 1989 and 1990 It was followed by a dramatlc recession during the first 
years of mdependence, particularly exacerbated by the civll war The extreme shortage of 
resources as a result of the hostilities and the very unstable political situation were the major 
reasons for the 1994 GDP drop to 30% of the 1990 level (See Fig 1) 

g 1 Georg~an GDP 1990-1998 
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Political stabilization returned in 1994-1995 whch allowed for economc stabilizat~on In 
1995-1997, official statistics registered hgh growth rates in all sectors of the economy, the 
hghest in construct~on, transport, and trade The economc crisls was replaced by a period of 
recovery 

Presently, apculture and trade provlde about two thuds of the Georgan GDP In 1995, 
about 40% of the Georgian GDP was produced m the agricultural sector, whlle it produced 
only 33% In 1990 In addttion, about 22% of the GDP was generated m the trade sector (1 5% 
in 1990) The mdustnal sector accounted for only 15% of the GDP, versus 27% in 1990 

In 1990-1997 electncity consumption fell by 59% and the most sigmficant reductlon was 
between 1990- 1994 Stnce 1995, electncity consumption was still declinmg, but at very 
moderate rates It is important to note that t h s  recent deche occurred on the background of 
growlng GDP It was not reduction of demand that drew supply down Growth of Import &el 
prices, negative trade balance, and growing external debt caused the reductlon of electncity 
production at fossil he1 powered stations and reduction of net import of electncity For the 
past few years the Georg~an electncity sector has not been able to satisfL demand 
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The current electnclty shortage IS a problem for every business in Georgia Power cuts are 
common, as well as low frequency and low voltage Electnclty supply in Georgla in 1997 
was just 40% of the 1990 level The six-fold decline of power production at thermal power 
statlons was accompanied by a sharp reduction In power imports Only the substantla1 
contnbut~on of hydropower stat~ons provlded some stablllty to the power supply situation 
Hydropower in 1996 provlded 74% of the total supply versus 44% in 1990 Fossil fueled 
power statlons provlded just 14% versus 35% In 1990 The rest was provlded by independent 
power producers (1 1 % In 1996 versus 4% in 1990), and by net import of electnclty (1 5% In 
1 996 versus 18% In 1990) 

The distribution of electnclty consumptlon by major economy sectors 1s presented in Table 1 

Ftnal use 1 143871 121241 96841 76981 53321 57561 60011 5839 
Total 1 174501 156281 125361 108631 79621 78361 74401 7363 

It IS clear that the reductlon of total electnclty consumption occurred malnly due to the 
reductlon of lndustnal electnclty consumptlon, while electncity consumptlon in the 
res~dential sector was relatively stable Detenoratlon of statistical reporting and quallty of 
metenng IS the reason behlnd the growth of other sector contnbutlon to the total electnclty 
consumption 

In recent years, the residential sector became the main consumer of electnclty According to 
some estimates, ~ t s  share reached 75% of the overall consumption In wlnter Despite the fact 
that electnclty is supplled to a great majonty of households on a very stnct schedule (6 hours 
a day), there has been no noticeable reductlon of electnclty consumptlon In the resldentlal 
sector The major reason behind this situation is the complete failure of the dlstrlct heating 
system The dlstnct heating system now supplles only 3 to 4% of the familles In Tblllsi As a 
result, electnclty IS substituted for discontinued dlstnct heating, and the curtailed natural gas 
supplies as well According to the statist~cal data, electncity is consumed for heating by 45% 
of familles, and 22% of families have only electnclty as a heating source The corresponding 
numbers for cook~ng are 62% and 16% 
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3 2 Electricity Demand Projections 

Several efforts have been made by different institutions to forecast the future growth of 
electncity consumption in Georgia A shortage of electncity is already a barner to the 
economic revival and it will be an obstacle to future economic development if the situation 
with electnclty supply does not change To change the s~tuation ~t is important to understand 
electncity demand and load patterns of future economic growth in order to allocate scarce 
resources, eliminating the negative impact of elechcity shortage which slows economic 
growth 

In order to develop electncity demand projections for thls study, three scenanos of the future 
Georglan economy growth were examined 

SIR-S1G scenano - slow recovery (6% per year GDP growth in 1998-2000) - slow growth 
(4 5% GDP growth per year in 2001 -2020) 
StR-StG scenano - strong recovery (10% per year GDP growth in 1998-2020) - strong 
growth (6 5% per year GDP growth in 2001-2020) 
StR-StG-StC scenano - strong recovery (10% per year GDP growth in 1998-2020) - 
strong growth (6 5% per year GDP growth in 2001-2020) with structural changes of GDP 
in favor of services 

Seven models developed by CENEf were used for malung projections of electncity 
consumption and loads for the years 1998-2020 For each economic scenano three levels of 
electncity consumption were estimated 

Demand dnven by rates and proportions of economic growth 
Demand with pnce impact 
Demand with the impact of pnce and implementation of energy efficiency improvements 

Slow Recovery - Slow Growth Scenar~o 

Slow recovery - slow growth (SIR-S1G) scenano - proposed 6% per year GDP growth In 
1998-2000 and 4 5% in 2001-2020 As a result, GDP in 2020 was 25% above the 1990 level 
and 190% above the 1997 level Withn t h s  construction scenano (growth in 1998-2020 by 
6 2 times), industry (5 4 times), and other sectors (5 9 times), were the most dynam~c 
components of GDP, while the lowest rates of growth were attnbuted to trade and services 
(See F I ~  2) 
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Figure 2 Evoluhon of GDP by 
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Results of electrlclty demand forecast for SIR-SIG scenarlo are presented In Table 2 If only 
economic growth drove the electricity demand in Georgla it would reach about 20,000 rmll~on 
kwh In 2020 That is 15% above the 1990 level But prtce impact reduces t h s  growth As a 
result demand is about 18,186 milllon kwh Ftnally, puce and poltcy induced energy 
efficiency trnprovements stop this growth at 16,488 million kwh, or 94% of the 1990 level 
(See Table 2) 

Economic growth - electncily consumption dnven only by the factors of economic growth 
Pr~cc Impact - above electncily consumptron after talung the pnce impact into consideration 
Encrgy Efficiency Mcasmes (EEM) - above elecmcity consumphon after ~mplementalion of EEM 

The breakdown of electrtclty consumptron by the man sectors of economy ts presented tn 
Table 3 It is clear that growth of demand is mainly drtven by the corresponding growth of the 
industrial and agncultural sectors, whle consumption In the residential sector remains almost 
~~nchanged 
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Projections of wintertime daily peak loads are presented m Table 2 4 In 1998-2020 this 
indicator wlll grow by a factor of 2 2 

Strong Recovery - Strong Economlc Growth (StR-StG) Scenarlo 

Table 4 Average Dally Peak Load Projections for January 

Strong recovery - strong economic growth (SIR-SlG) scenano was based on an assumed 10% 
per year GDP growth in 1998-2000 and 6 5% in 2001-2020 According to this scenano the 
future GDP structure reflects the former Soviet era proportions of GDP The main 
contribution to the GDP growth comes fiom industry, construction, and agriculture 

Load (MW) 

Such a scenano of Georgian economic development is not expected to be viable Results of 
thls scenano were used as a step in the process of developing the third most likely h~gh 
growth scenano for the Georgian economy 

Strong Recovery - Strong Growth wlth Orlentat~on on Servlces Scenarlo 

1997 
1461 

Discussion of the initial results of t h s  study at the intenm workshop least cost model for 
Georglan power system, held on June 1 and 2, 1998 in Tb~lisi, raised the issue of an additional 
development scenano for strong economic growth It was felt that strong growth would be 
accompamed by the evolution of new GDP structure dominated by services, especially trade, 
restaurants, hotels, recreation, health care, and other services 

To develop such a scenano the GDP structure of several countnes was evaluated This multi- 
country analysis laid the basis for estimating the evolution of the structure of Georgian GDP 
Within this scenano the proposed structure of the Georgian GDP in 2020 differs substantially 
from the one for the strong economic growth scenano (See Table 5) Share of services (if 
trade is included) is 48% versus 20 5% for the strong economic growth scenano 
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Table 5 Comparison of GDP Structure in 2020 for Two Scenarios (Percent) 
I I StR-StG scenar~o I StR-StGStC scenarlo I 

Economic growth supplemented by Intensive structural changes dnves the electnclty demand 
In Georgia to the level of 24,542 million kwh in 2020 Pnce growth reduces this number to 
21,795 mill~on kWh Finally, pnce and policy Induced energy efficiency improvements stop 
this growth at the level of 20,156 mlllion kwh, or 16% over the 1990 level, and 6 billion kWh 
lower than in a strong economic growth scenano which reproduces the former structure of 
economic growth (See Table 6) 

Industry 
Construction 
Agriculture 
Transport and commun~cat~on 
Trade, restaurants, hotels 
Serv~ces 

Econom~c growth - electrlclty consumption driven only by the factors of economc growth 
Prlce impact - above electnc~ty consumption after takmg the pnce Impact mto consideration 
EEM above electricity consumpnon after unplementation of EEM 

2 3 Electricity Demand Forecast for Regions 
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In order to consider the whole Infrastructure of the Georgian power system and model the 
maln transmission links together with generating plants, the Georgian gnd was divided into 
five regions It became necessary to develop electnclty demand project~ons for each of those 
regions (A map of those regions appears In Appendix 3) 
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The electnclty demand forecast for the electncal reglons was developed based on the system 
of models proposed by the Energy Efficiency Center CENEf Two scenarios of Georgian 
economy development were considered 

Slow growth scenmo (so called base case scenmo) - Georgian GDP annual growth rate is 
6% in the 1998-2000 penod, and 4 5% in 2001-2020 
Corrected strong growth scenano - Georgian GDP grows by 10% annually in the years 
1998-2000 and by 6 5% annually in 2001-2020 Within thls scenano trade and services 
sectors are expected to develop much faster than in the case of the basic slow growth 
scenano As a result they will grow in size and importance relative to other GDP sectors 
(industry and agnculture) 

Statistical information regarding the economic s~tuatlon and electncity supply structure IS 

stnctly limited even for administrative regions of Georgia Since 1990 there has been no 
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Statistical information regarding the economc situation and electncity supply structure is 
stnctly limted even for admmstrative regrons of Georgia Slnce 1990 there has been no 
consistent system of gathenng statistical information at the regional level Statistical 
accounting was performed only at the national level Reglonal GDP structure statisttcal data is 
avalable only for the past three years (sources the State Department of Statistics, Muustry of 
Economy, Sakenergo, and Georgtan Energy Research Institute) With such a limted statistical 
base ~t is not possible to predlct future evolution of GDP sectors independently for each 
region In order to develop scenanos for future economc development of the reglons, some 
assumptions have been made based on consultations wlth the local experts 

The Slow Growth Scenar~o 

The Slow Growth Scenano assumes the Georgian GDP annual growth rate will equal 6% in the 
1998-2000 penod, and 4 5% in 200 1-2020 

The starting point of the methodology developed by CENEF s experts ts estimating hture 
economc development of the major sectors of economy based on an analysis of exlsting 
statlstical data for qulte a long penod Since the lack of statlstical information prevented 
completely Independent forecasts of economc development of each region, certa~n 
assumptions were made Withn ths  scenano it was supposed that each GDP sector at the 
regtonal level would grow at the same rate as the corresponding sector of Georgian GDP, wlth 
just small corrections made based on particular features of each region Such an assumption 
automatically satisfied the requirement of annual Georg~an GDP growth rates and provided a 
breakdown of reglonal GDP by sectors for the penod 1998-2020 

The procedure proposed by CENEf was followed Three levels of electncity consumptlon 
were estimated 

Demand dnven by the rates and proportions of economc growth 
Demand wlth the price lmpact 
Demand with the lmpact of pnce and implementatton of energy efficiency improvements 

The total electrlclty consumptlon for the largest electncal reglon (the Eastern Regton) for the 
perlod 1997-2020 IS shown on Fig 3, below 

F~gure 3 Electrlclty Consumption 
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Table 7 Elect r~c~ty  Demand Forecast for Regions (1997-: 
1 19971 19981 19991 20001 2005 

1 western 1 12931 15251 17281 17151 1755 

Northern 395 436 464 497 5 74 

Total 7072 7561 8397 8823 10008 

020). GWh 

With the electricity demand projections developed by CENEf for the whole country, the 
discrepancy of those results can be explained by the changes that have been made in the 
structure of GDP evolution based on the specific features of each region Different tanffs 
werre also used for electncity - it IS already known that the new tanff (6 tetn1kWh instead of 
current 4 5 tetnkWh) will be introduced in the near future Based on the consultations with 
the experts from the Ministry of Economy, the proposed future structure of electncity 
consumption in residential sectors was changed The detailed information on electncity 
demand projections for the regions is presented in Appendix 3 of Volume 2 

Wintertime projections of dally peak loads for each reglon for the penod 1998-2020 were also 
made (See Table 8) 

The Corrected Strong Growth Scenario 

I I I I I I I I 

The strong growth scenano assumes 10% annual GDP growth in 1998-2000 and 6 5% annual 
GDP growth in 2001-2020 The former structure of GDP was considered unrealistic It 
served only as a basis for developing the most realistic scenano of Georglan economy 
development - the corrected strong growth scenano This scenano proposes the same growth 
rates for the total Georglan GDP, but with some significant structural changes in favor of the 
servlces and trades sectors It should be noted that Georgia occupies qulte a small territory, 
but the regions considerably differ from each other Structural changes In GDP make sense 
for only three retions, Eastern, Southern, and Northern Based on discuss~ons with the experts 
horn the Ministry of Economy future possible GDP structure for each region was estimated 

Northern 

Table 9 shows the future Georgian GDP structure for both the strong growth and the corrected 
strong growth scenarios in the year 2020 
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Table 9 Comparison of Georglan GDP Structure for Two Scenarios 

l~rans~ort  and communicat~on 1 5% 10% 

Strong Growth 
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The results of electricity demand projections for the corrected strong growth scenano for each 
region are presented in Table 10 

27% 
12% 
34% 

Trade and commercial servlces 
Service 
Other 
Total GDP 

22% 
12% 
18% 

The average wintertime daly peak loads for the regons are shown in Table 11 
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Table 10 Electriclty Demand Forecast for 

The total peak loads were denved by summing up the hourly loads of all regions These 
numbers differ slightly from the sums of regional peak loads, reflecting the fact that the peak 
loads do not take place simultaneously in all regions 
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Table 11 Average Dally Peak Load Projections for January, MW 

Flnal Report 
Volume 1 Chapter 3 Page 9 September 1998 

2005 
5153 

1101 

2081 

1138 

656 

10128 

Eastern 
Central 
Western 
Southern 
Northern 
Total 

1997 
3722 

845 

1293 

837 

392 

7089 

2010 
6891 

1435 

2788 

1486 

917 

13517 

1997 
736 

175 

250 

174 

82 

1417 

1998 
3582 

838 

1529 

872 

379 

7199 

2015 
8490 

1718 

3458 

1771 

1145 

16582 

1998 
644 

161 

335 
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69 

1388 

2020 
11263 

2313 

4471 

2452 

1611 

22110 

1999 
3688 

93 1 

1836 

905 

419 

7780 

2000 
3962 

923 

1912 

925 

473 

8194 

1999 
631 

181 

430 

180 

78 

1498 

2005 
877 

180 

373 

203 

142 

1784 

2000 
690 

165 

433 

176 

94 

1557 

2020 
1908 

358 

836 

438 

385 

3900 

2010 
1177 

224 

538 

261 

206 

2384 

2015 
1457 

263 

67 1 

305 

261 

2940 
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Chapter 4 - Energy Efficiency Improvement Opportunities in Georgia 

4 1 Current Energy Efficiency Practices in Georgia 

The impact of energy efficiency measures on the electncity demand was evaluated as part of 
the demand forecasting process The forecasts for both the base demand scenmo and the h g h  
growth scenano Include certain assumptions regarding the gradual increase in the use of 
energy efficiency technologes and demand management techmques Energy savings 
measures are expected to moderate demand growth as the Georgan economy recovers The 
most promising energy efficient measures applicable in Georgia, as well as the scale of their 
application, are descnbed below It should be noted that a more detailed investigation of 
energy efficiency improvement potential is warranted 

In the former Soviet Umon energy efficiency was a subject of much rhetonc and little 
concrete action T h ~ s  is still the case in Georga Appropnate programs and legislation is 
needed to bnng about the rapid acceptance of energy conservation measures Strong programs 
linked to sectoral and regional activities are cntical Energy efficiency objectives should be 
carefully integrated with industnal, social, fiscal, and other policies that affect energy use The 
least-cost approach to energy efficiency improvements requires integrated solutions 
Appropnate technologies must be identified and integrated with policy, to stimulate sound 
practices in all locations and economic activities 

In developing its energy policy, Georgia should make energy efficiency a pnonty Western 
practices show that the resolution of present-day energy related problems requires a well 
formulated energy efficiency improvement policy So as to develop and implement thls 
policy, federal and regional authonties need to be formed to adrninlster activities in this field 
Without institutional measures, converting Georgan economy to the energy efficient path will 
be an extremely difficult task Energy saving potential will only remain a potential if no 
institutions are created to initiate its practical implementation 

To spur energy efficiency there is a need of an appropnate economic environment economic 
incentives and motivation of market agents to reduce production costs by investing in energy 
efficiency Energy pnce reform and the privatization process provide such motivations 
Irnprovlng energy efficiency reduces production costs and, therefore, provides a stimulus for 
W e r  economic growth Estimates of potential for some technologies should be based on 
the understanding of the electnclty consumption structure by industnal processes 

A senes of meetlngs were held wth  Georgian experts including energy managers of large 
industnal plants to obtan a better understanding of the structure of the industnal sector The 
results are presented in Table 1, below Ths  table served as a basis for determining electncity 
consumption patterns by processes for both 1990 and 1996 Results of t h s  evaluation of 
electnclty consumption were then used to estlmate electnclty efficiency improvement 
potentials 
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~ble 1 Structure of Electricity Consumpt~on by Industrial Processes, % 
Sector I Motors 1 Process I Direct I Electro 1 L~ghting 1 Others I 

I Heat I Heat I Chem~cal 1 I 
Fuels 
Ferrous 
Non ferrous 

Other I 58 1 1 1 3 9  1 0 1 2 1  0 1  

Pulp and Paper 
Bullding Matenals 
Llght 
Food 

4 2 Effect~ve Energy Effic~ent Technologies for the Industrial Sector 

7 9 
55 

1 

Several of the most prominent technologies were evaluated m this study In reality, many 
more opportunities to improve efficiency exlst, but more research is needed for the proper 
identification of the most effective measures 

95 
58 
89 
6 

Variable (Adjustable) Speed Drives (VSD) are capable of controlling the speed of AC 
induction motors These are the most commonly used electnc motors in ~ndustnal processes 
and utility operations About 20% of Georglan electncal consumption is used to dnve AC 
electnc motors Application of VSD has a potential to save about 30-40% of electnc energy 
of motors which work wlth vanable load VSDs provide several benefits 

5 
0 
0 

Save electnclty 
Improve system efficiency 

* Improve equipment reliability by permlttlng softer starts and smoother slowdowns 
Reduce noise and save worklng space 

0 
1 
4 

77 

VSDs can be used to Improve the process control in the metallurgical, chemical, food, 
buildlng matenals, and other industries 

4 
43 
98 

Transformers that are ~mproperly sized can be replaced to cut energy losses Under-loaded 
~nput transformers (11016 3 kV and 6,3/0,4 kV) lead to overheating of equipment and 
significant energy losses Replacement installation of lower capacity transformers can solve 
this problem and save about 10% of electncity 

0 
3 9 

1 
16 
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Compressors in many industries exceed optimum sizes Many large energy consuming 
components in Georgian factones are oversize due to declines in production levels This has 
led to inefficient use of electncity For example, huge compressors at metallurgical plants 
work at about 10% of design capacity The decentralization of compressed air supply 
networks and installation of small compressors at the point of use can decrease elechcity 
consurnption up to 5 0% 

Compensators of reactive power The main consumers of reactive power are induction 
motors, transformers, and voltage stabilizers To eliminate elechcal losses, special capacity 
type compensators should be installed In conditions where equipment is generally 
underloaded, the role of compensators are sipficant Electricity savlngs of up to 10% could 
be achieved 

Motor savers and switching off idle motors can save significant energy The average 
motor's capacity in Georgian industry is 15-20 kW At least 5000 motors need to be equlpped 
with microprocessor based devlces whch prevent overheating, phase loss, and overloading 
These devices prolong motor life up to 20-30% Switchng motors off d u n g  the idle run 
penods could save up to 50% of existing electncity losses caused by idle run 

Control systems Proper momtonng, recording, and analysis of electncity use lead to 
corrective actions that produce results in terms of reducing energy per un~t  of produchon or 
per unit of service performed Ultimately up to a 10% reduction of energy consumption can 
be acheved when metemg is tied directly to processes through programmable logic 
controllers Expenence has shown that a 2-3% reduction in energy use can be acheved after 
meters are installed just by informing users of momtonng Georgian industry has no 
expenence in such momtonng systems Ths  measure can be recommended to every 
enterprise with the electnc capacity of more than 2 MW 

Lighting Sodium h g h  pressure lamps for streets and industnal terntory lighting is the most 
promising lighting improvement technology for Georgian industry 

Independent energy sources Non reliable, expensive, and low quality electncity from 
Georgan utilities has forced energy managers of large enterpnses to think about the 
installation of independent power sources There are at least two projects under consideration 
for building 30-50 MW power stations with combined cycle gas turbine configurations The 
specific consumption of existing power stations in Georgia is about 450-650 gceikWh, 
compared with typical specific consumptions of new combined cycle gas turbine plants that 
range from 200 to 250 gce1kWh 
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Table 2 summarizes major energy efficiency measures that can be applied in the lndustnal 
sector 

Independent 
energy sources 

rable 2 Energy Effic~ency Mea 

Higher efficiency 
- reducing the 
cost of 1 kwh 
from $0 035 to 
$0 015-0 018 

Measure 
ures for Industrial Appl~cat~ons 
Spec~fic I Where to be Implemented Savings 

cost, I 

MW (electnclty 
consumption - 180 mill~on 
kwh) 
Metallurglcal plant- 30 MW 
(elechcity consumptlon - 
280 million kwh) 
Ferrous alloy plant - 60 

$/kW 
600-800 

Pay back 
penod, years 

3-5 Azot Fertilizer plant - 30 

with the optlmal I consumption I 

Use of input 
transformers 

overheating up to 50% 

Savlngs are 10- 
12% of eleclmcity 

others, where big 
transformers are installed 
Average motor capaclty for 
Georgian industnal motors 
is 15-20 kW About 5000 

Switching off 
motors dunng 
the idle run 

30-40 

2 

protection) 
Vanable speed 
dnves (VSD) 

penod 
Decentralizat~on 
of compressed 
air supply 
Compensators 
for reactive 

MW 
Azot Fertilizer plant, 
Metallurgical plant and 

Electncity 
savlngs 30-40% 

up to 50% of 
losses of dunng 1 l o  

1-1 5 

idle run periods 

130-1 70 

power 

motors need to be equipped 
Food, pulp and paper, 
cement, chemical, consumer 
good industnes, electncity 

1 5-2 

generation 
Food, pulp and paper, 
cement, chemical, consumer 

1 5-2 

goods industnes, and 
electncity generation 
Ferrous and chemical 
industry (compressors 
consume 10% of electnclty) 
Metallurgical plants and 
Ferroalloys plants 

1 

2-3 

power 
Electncity 
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Tables 3 and 4 below show the projected values of motor efficiency improvements under the 
following assumptions 

Electncity pnces will grow from 34 6 $MWh in 1998 to 69 6 $/MWh ln 2020 
Capital recovery factor is 0 33 (d~scount rate 20 % and lifetime 5 years) 
Penetration rate for motor systems is 20 % (that is, only 20% of potentla1 is used on 
practice) 

Table 3 Motor Effic~encv Savm~s  Potential 
Share 

Yo 

Table 4 Motors Efficiency Potentlal Utlllzabon 
I Year 1 1998 1 1999 1 2000 1 2005 1 2010 1 2015 1 2020 1 

Decentralization, correction 
of over-sizing, and 
switchng off 
Compensators and motor 
savers 
Adjustable speed dnves 
Control systems on blowers 
and pumps, transformers 
Total 

Specific 
Cost 
$/kW 

Compensators and motor savers 

F~nal Report 
Volume 1 Chapter 4 Page 5 September 1998 

Hours 

1990 
20 

10 

50 
20 

Potentla1 savings 
Penetrat~on rate 

Annual savings 
Cumulative savings 

Capacities 

k W  
1996 

35 

10 

30 
25 

1990 
3000 

1803000 

3000 
1403000 

GWh 
% 

GWh 
GWh 

Cost of saved 
energy 

$11000 kwh 

310 

170 

1996 
2000 

2000 

2000 
2000 

1990 
111464 

55732 

278660 
111464 

557320 

2015 
0 2 

403 
403 

1996 
31724 

9064 

27192 
22660 

90640 

1990 
3455 

2006 

1895 
1560 

1996 
51 83 

3009 

2842 
2341 

2311 
0 2  

462 
865 

3339 
0 2  

668 
1533 

5363 
0 2  

1073 
2606 

7182 
0 2  

1436 
4042 

11847 
0 2 

2369 
6411 

15688 
0 2 

3138 
9549 
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Sim~lar calculations were made for lighting technolog~es The data used to conduct 
calculations was s~milar to that In Table 4 The projections for savings result~ng from 
improvements in industnal lighting applications is shown below 

Cumulative savings I GWh I 9 851 20841 35 831 58 661 88 551 136 531 19941 
Total for motor systems 
Addl t~onal savlngs 
Cumulative savings 

Table 5 L~ghtlng Improvements Efficiency Potent~als 

3 3 Energy Effic~ency IU the Res~dent~al Sector 

5410 
11524 

Share 

Incandescent 
Fluorescent 

One of the first things to do in the residential sector is to correct the metenng and brllrng 
systems to prov~de Incentives for efficient use of electncity Thls w ~ l l  also improve collect~on 
rates and thereby improve the financial positions of electncity suppliers 

GWh 
GWh 
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9457 
20981 

Specific 
cost 

2762 
2762 

Yo 

3352 
6114 

14363 
35344 

Hours 

$lkW 

135 
180 

1990 
20 
70 

1996 
2 0 
70 

23695 
59039 

Capac~ties 

31375 
90414 

Cost of saved 
energy 

1990 
2000 
3000 

1996 
2000 
3000 

kW 
1990 
13688 
31938 

$11000 k w h  
1996 
1680 
3920 

1990 
2 77 
2 46 

1996 
22 57 
20 06 
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But even under present conditions there are incentives to induce consumers to use electncity 
more efficiently These are comfort requirements and reduction of total capacity of appliances 
to the design level per dwelling to keep electncity supply reliable Equipment with hgher 
efficiency as well as some measures to reduce heat losses (when elechcity was used as a heat 
source) will produce better indoor comfort, whle reducing the per dwelling load and amount 
of electncity consumed In addition, new more efficient appliances perform given functions 
faster or better That is important when power supply can be cut off at any time 

There are two sets of measures that can be applied in the residential sector building level and 
flat level Building level measures include watt-stoppers (electnc current limiters) These are 
very simple devices that disconnect overloaded buildings or industnal consumers Bullding 
level metenng electromc systems are microprocessor based devices, which consist of 
metenng units and several split-core current sensors The main advantages are hgh accuracy, 
low cost, a full range of cornmucation options, and automated billing capability There are 
many measures in the second group In addtion to regular measures directed to lighting or 
appliance efficiency improvements, there is a set of measures to reduce heat losses (because 
electncity has become a major heatlng source) and measures to replace elechcity as a heat or 
hot water source 

According to the forecasts of the World Energy Congress (WEC), by the year 2000 heat pump 
systems wl l  be widely used for heat and cold supply in most of the developed countries 
Considenng the climate conditions of Georgia, it will be cost effective to use complex heat- 
cold supply systems based on absorption heat pumps T h s  will provide the possibility of 
heating bmldings in winter and cooling them in summer Since electncity is widely used for 
heating rooms and water in Geargia, the importance of such an option is evident 

Calculations were performed regarding the possibility of implementing heat-cold supply 
systems based on absorption heat pumps in urban areas Thelr installed capacity potential is 
1,500 MW, while annual fuel consumption will equal roughly 4,500 GWh The estimated 
total capital costs will equal about $200 million, whle specific cost of thermal energy will 
be $7 4 - $8 3/Mwh When natural gas is used as the fuel, the cost of thermal energy will be 
$15-$17iMWh The payback penod is 3 5 to 3 8 years The amount of electnc power saved 
will equal 4,500 GWh 

The effectiveness of some major technologies for improving the efficiency of electncity use in 
the residential sector are presented in Table 6 
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Table 6 Energy Efficiency Measures for Resldentlal Appl~catlons 
Measure I Energy Effic~ency Measures I Specific cost, I Pay back, I 

Watt-stoppers (electric current 
Iimtters) 
Butlding level sub-metenng 
with split-core current sensors 

fluorescent lamps) 1 and prolong bulb life by 5 
times 

Double glazing wlndows 
Weather stripping 
Effect~ve l~ghting (compact 

Prevent transformer overloads 
and reduce non-payment 
Upgrade b~lling systems 
Reduce nonpayment 

Stngle glazing IS very common in Georgian residential bulldings The best way to save up to 
30% on room heatlng is the installatlon of additional window glazing A less permanent, but 
less expensive technique is the installatlon of special heat reflecting films Both approaches 
are attractwe From a cost-benefit polnt of vlew Weather stnpping is a low cost and reliable 
measure, and is a very common solutlon for residential bulldings Usually it saves up to 10% 
of heating consumption 

Reduce heat loses up to 30% 
Reduce heat loses up to 10% 
Reduce electnc~ty consumption 

Using renewable energy 

Using renewable energy to replace electncity can also save considerable amounts of electnc 
energy Two examples are solar hot water heatlng, and the use of geothermal energy for 
heattng purposes Solar panels for water heating could save 0 05 tce/m2 annually For one 
sunny day one m2 of solar panel provides 0 5 kW of capacity, that is enough to heat 80 1 of 
water up to 65' C The following table quantifies the advantages of some of the most 
effective measures that can be applled to residential buildings 

USD 
1 O$/Arnp 

500$/building 
input 

years 
0 5 

0 5 

1 O$/sq m 
0 2$/ sq m 

I O$/item 

Solar water heater panels save 
0 05 tce/sq d y e a r  
Absorption Heat Pumps can 

1 weather stnoolng 1 47 I 45 I 

1 5  
1 5  
2 5 

Table 7 Heat Loss Reduct~on and Energy Subst~tut~on Potent~al In Buildings 

200$/sq m 

430 $/kw 

Spec~fic Cost 
$/kW 
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Cost of saved energy 
$/MWh 

Double window glazing 
Solar water heating 
Absorpt~on Heat Pumps 

600 
200 
430 

58 
48 
3 2 
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In addition to energy efficiency measures installed in residences, the devices that are 
purchased by consumers have substantial impact on end-use efficiency, if the devices are 
made available to consumers, and they are educated m the cost savings advantages that accrue 
with ownlng the more efficient devices 

The following table provides a list of devices that can result in sigmficant improvements in 
energy efficiency 

Table 8 Electr~c Dev~ces Effic~ency Improvement Potentla1 
Spec~fic Cost 

$/kW 
Incandescent lights 
Fluorescent lights 
Rehgerators 

Geothermal 

Cost of saved energy 
$11 000 kwh 

(~ lec tnc  ranges 

Geothermal hot water has been produced fiom 23 resource deposits in seven regions of 
Georgia over the past twenty years Most of t h s  water is 40-50 C, w ~ t h  a few wells producing 
at tempratures up to 105 C About 60% of the water has been used for heating and hot water 
supply and health spas, with the balance used for agriculture and commercial production 
There is the potential for hot water production whch could amount to one half million tons of 
oil equivalent per year, of whch one-half could theoretically offset use of electncity for heat 
and hot water supply However, the temperatures of known resources are not hgh  enough for 
generation of electncity 

90 
120 
983 
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Chapter 5 - Hydroelectric Power Generation 

5 1 Summary 

Th~s  section of the report is concerned w~th the hydropower's contnbution to the least-cost plan 
To meet the objectives, an assessment was made of the existing and planned hydropower 
projects that are considered to be suitable for inclusion m such a plan As specified in the terms 
of reference, the stules were based for the most part, on existmg dormahon 

For the existing projects, informahon was collected fiom avalable reports and supplemented 
with information prepared by Sakenergo for h s  project For the planned sites, studies rangng 
fiom conceptual to detaled feasibility are reported to exist for hterally hundreds of projects 
Through a cooperative agreement wrth the Georgan Hydro Institute, the most practical projects 
and those that have the best potential for development, were identified For these projects, the 
Hydro Institute prepared updated estlrnates of cost and energy production 

5 2 Condit~on Assessments of Emst~ng Projects 

The process Involved in developmg the requred lnformation for the least-cost development plan 
was to perform an irutial screemg to identify a reasonable number of real opportumbes for 
development, the analysis of the mformation collected for these projects, and the development of 
cost and other information for inclusion in the least-cost model Five sources were identified 
that provlde sigmficant condition assessment mformation 

TACIS Development of an Energy Pokcy zn Georgza, TA-CIS/92/EGE001(1994) The 
authors vlsited 12 plants 4 on the Kura fiver and 8 on nvers d r a m g  Into the Black Sea 
ICEE Study of Rehabzlztatzon of HPS and Revzew of Georgzan Power Sector (1996) The 
authors visited all plants listed m Table 2 1, except the four located m Abkazia 
(PerepadnayaNarhli I -N and Sukhm) 
Harza Engineenng Co Hydropower Rehabzlztatzon Project (1 996), and Georgza 
Hydropower Rehabzlztatzon Study, Detazled Szte Inspectzon Reports, (1995), both prepared 
for USAID The authors performed detailed condtion assessments of five projects 
Condition assessments by Sakenergogenensta (Sakenergo) m 1997 
EBRD Engun Dam and Hydroelectrzc Power Statzon, Feaszbzlzty Study of Rehabzlztatzon 
(1998) Ths  feasibility study of the rehabilitation of the Engun Project also mcludes 
information for Vardn~li I 

The contents of the vanous sources of data are vaned Much of the lnformation presented in the 
data sources is conflicting even to the nameplate capacities of the m t s  It was assumed that any 
feature descnbed as needlng repar shll needs repar unless a later assessment specifically 
mdicated that the feature was repared Therefore, the estmates represent an accumulation of all 
of the items identified In the text of t h s  report, not all items are mentioned as ths  information 
is readily avalable in each of the sources In h s  report, a general conhtion assessment is 
presented as well as the specific identification of the major items needmg repar, rehabilitation, 
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or refurbishment 

Two of the existing information sources (TACIS, 1994, iCee, 1996) performed a pre11mlnar-y 
screening to identify sites for whch condition assessments were prepared The information 
reported on these two screerungs was also used in this report to select sltes for inclusion in the 
least-cost development plan 

Step 1 in the selection process was performed on the basis of a minimum installed capaclty of 10 
MW As a result of the in~tial screerung, the number of existing plants to be considered for 
inclusion in the least-cost plan was reduced to 27 The mimmum installed capacity was selected 
arbltrmly on the basls of a revlew of existing information From this review it was determined 
that the cutoff at 10 MW would not el~minate any plants larger than 2 0 MW that have not 
already been pnvat~zed, and ~t dld eliminate all plants not connected to the natlonal pd It was 
also considered that plants smaller than 2 0 MW would not be sigmficant components of the 
least cost plan (the ~nclusion of small hydro in the plan is discussed in detail in Volume 2) Of 
the plants removed from consideration, most belong to the Ministry of Agnculture, and the next 
largest segment consists of plants that have been pnvatized Of the remaimng 27 plants, 5 have 
been pnvatized, 4 are leased, and 1 is not operating and is considered to be beyond 
rehabilitation 

In the second step of the selection process, the pnvatized and idle plants were rejected from 
further consideration As a part of the privatization agreements, the new operators are requ~red 
to provide capital improvements for the plants and to prov~de on-going maintenance Therefore, 
in the least-cost plan these plants were considered as filly operational The status of the plant 
reported as non-operat~onal and beyond rehabilitation was confirmed wlth the Ministry of Fuel 
and Energy The leased plants were retained because the leasing arrangements only cover 
operation and maintenance, and additional funds will be required for capital expenditures In 
this case, the development funds will come from government sources or kom a pnvate 
developer 

The plants in Abkhazia-Engun (1,300 MW, power house only), Perepadnaya I (216 MW), 
Perepadnaya 11, 111, and IV (aggregate of 120 MW), and Sukhumi (19 MW) account for over 
one-half of Georgia's installed capacity ,with Engun accounting for over 45 percent Although a 
political solution to the current problem is not immediately evident, the opportunities for 
economic development afforded by these hydropower projects cannot be ignored Therefore, the 
projects, except for Sukhurni, were retained for further evaluation Sukhumi was rejected 
because it is relatively small and no information is available 

The total installed hydroelectnc capacity in Georgia is reported to be 2,838 MW distnbuted 
among 103 hydropower plants or 2,836 MW distnbuted among 100 hydropower plants As a 
result of the initial screerung, 21 projects were identified for whch a thorough data gathenng 
program was Initiated Charactenstics of the 21 existing projects are presented in Table 1 

Table 1 Existing Hydro Projects - Key Data I 
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Eshmating Costs and Energy Produchon 

Almost one-half of the hydro plants under consideration are more than 40 years old, and many 
of the remamder are more than 20 years old The age by number of plants (excludmg 
Perepadnaya 11-N) is 

Age No of Plants 
10-20 years 5 
21-30 years 2 
3 1-40 years 3 
>40 years 9 

In addition to age, all of the plants have been subjected to severe operatmg conditions due to a 
lack of funds for mamtenance over the last 10 years As a result, even the younger stat~ons are 
m very poor condition Spendmg substanbal funds to repar known problems may not be an 
appropnate solut~on because essent~ally all of the equipment has failed or is rapidly approachng 
rncipient falure For reliable, efficient operation the solution is probably to replace almost all of 
the equipment 

From the standpomt of an owner who is trylng to m a x m e  cash flow, the best approach mght 
be to repar only what is necessary to keep the plant rummg and replace equipment only when it 
fals As long as funds are avalable to repar or replace equipment lmrnelately upon failure, 
the approach could be acceptable Some of the plants may be oversized m terms of the rabos of 
their rated capacities to available energy At the trine of theu: design, lvgh levels of capacity 
were mcluded to permit pealung operahons to serve the lower part of the former Sovlet Umon 
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Now that the peak load is only for the Republlc of Georgia, all of the peaklng capacity is 
probably not needed, at least for the near-term Maintaining fewer un~ts at a higher plant factor 
could provide a better economlc solution than returning plants to their des~gned ratings 

For the least-cost plan, the estimates reflect an early expenditure of h d s  to replace equlpment 
rather than trying to repalr what has been identified as needlng repair at this time As such, the 
estimates are higher than prevlous estimates Although the concept slightly penalizes the 
projects by not phas~ng in costs to the best extent possible, ~t IS expected that the hnds ident~fied 
in this est~mate will be needed in the near-term All costs include a contingency allowance of 10 
percent In addition, many items that are normally handled under operation and maintenance 
programs are not included in the cap~tal estimates In most cases these items are inexpensive 

and not cntical 

Estlrnat~on of Energy Production 

The benefits to the rehabilitation efforts result from an Increase in energy The lncrease consists 
of two components more efficient equipment, and greater availability As an estlmate of those 
benefits, the difference between the potential energy estimated at the tune of design and the 
average of production over the last five years, was used Actual annual production information 
is available for many of the plants for the last 12 years and average product~on estimates for a 7 
year penod (1 989-1 995), is available for all of the operating plants 

It 1s d~fficult to accurately estlmate the incremental energy production and the benefit that will 
occur as a result of rehabilltatlon because there are offsetting factors that can only be resolved by 
a thorough operation simulation The benefit IS low to the extent it ignores hgher efficiency of 
the new or refiubished equlpment Also, the benefit is low to the extent it ignores continued 
detenoration of the unlts, and thus decreases energy production between now and when the 
rehabilitation is completed 

The benefit is h ~ g h  to the extent ~t uses the pnor approach of computing potential energy with 
monthly stream flow data and no forced or scheduled outages Using monthly flows for run-of- 
nver projects typically overestimates energy fiom 3-10% Omitting forced and scheduled 
outages can overestimate potentla1 energy up to about 7% on average The h g h  and low factors 
were assumed to compensate each other after accounting for outage rates in the least cost plan 
model 

5 3 Assessment of Proposed Projects 

Evaluations exist for several hundred proposed projects in Georgia The Ministry of Fuel and 
Energy ident~fied 190 possible small hydro projects totaling about 1,300 MW distributed 
throughout 20 regions in Georgia TACIS (1994) reported t echca l  information obtained from 
Sakenergo for 200 mlcro, small, and large hydropower plants In addition, there are more 
detailed studies avmlable for larger projects on both the Engun and horn  Rvers 

More detailed evaluations are available for the larger projects that were conceptualized as a part 
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of the supply for the southern portion of the former Soviet Umon (for example, the Khudom 
Project and other more upstream projects on the Engun Rzver) Many of the evaluations are of a 
prelmunary nature and consist of the identification of a hydropower potential based on map 
surveys, installed capacities based on average stream flows and ava~lable heads, and costs based 
on paramelmc estunates 

The onginal work plan called for a selection of a limited number of projects for mclusion in the 
least cost plan that were considered to have a reasonable chance of being Implemented w i t h  
the development plan tune fiame It also called for a remew of the proposed economic results of 
each project As none of the supplied mfonnation addressed either the economc or financial 
mability, assistance was obtamed fiom local sources to provide current thmkmg on the 
development of hydro projects As a result, a senes of projects were identified for whch 
updated estmates of cost were developed 

Costs for the proposed projects were updated dependmg on how much lnformation was 
avalable For project descnptions that mcluded some detail on matenal quantities, the m t  
pnces were re-estmated and new cost estmates prepared The u t  pnces developed reflect 
mternahonal rates for matenals and equipment and slalled construction labor and local rates for 
unslulled labor Generatmg equipment costs were re-estimated usmg reference data denved 
fiom recent project cost estunates for lower-cost manufacturers There is some cauhon 
necessary in tlxs assurnptlon as any bilateral loans or grants mght requxe the purchase of 
equipment m the donor country rather than on the open market 

For project descnptions that &d not mclude any substantial detail on the ongmal estimated 
costs, the updated costs were estmated on a parametric basis usmg expenence data, and in some 
mstances usmg the costs developed for the projects mentioned above 

The estmates of average annual and monthly energy production that were mcluded ulth the 
project descnptlons were generally accepted as correct The hydrologc lnformation included 
with the project descnptions, if any, was madequate to properly check on the production 
estimates Limited evaluation of the estimation process suggests that the estunates are slightly 
hlgh The estimates were usually based on monthly stream flow data whch, whlle acceptable 
for a storage project, would usually provide hgh estunates for any run-of-nver projects In 
addihon, there was no mention of any allowance for scheduled and forced outages nor for 
transrmssion losses The key charactenshcs of the proposed projects are presented m Table 2 
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OPERATING COSTS 

Operating and maintenance (O&M) costs include operation, mantenance, and replacement 
They are defined as the average annual expenditures of labor and matenals necessary to keep the 
project operating at near optimum efficiency throughout ~ t s  useful llfe The O&M costs include 
salanes of the operating personnel, the cost of labor, plant, and supplies for ordlnary 
maintenance, and the cost of spare parts Replacement costs include components that requlre 
replacement pnor to the end of the project Ilfe, such as stator wmdings, turbine runners, thrust 
beanngs, communications equipment, and major auxiliary equipment 

In addition, for the existing projects, an allowance is Included for cap~tal modifications, whlch 
reflects the gradual detenoration of the cap~tal assets over the years These hnds are used for 
project units that can no longer be cost-effectively repaired under the O&M program The 
amount allowed for this component in t h s  study is substantially less than might normally be 
expected because of the hlgh level of capital expenditures included in the rehabilitation estimate 
For planned projects, such expenditures for capital modifications will be so far In the future as 
to have little impact on the annual cost 
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Historic operating costs were not obtained as a part of the data collection program because 
d u n g  Soviet times, the operating staff, as reflected by current rosters, was sigmficantly larger 
than necessary Slnce the breakup of the former Soviet Umon, the scarcity of funds has rendered 
any current expenditure for supplies and matenals inappropriate for future p l m g  

The operating cost requu-ements are included for projects wth mstalled capacities varying from 
10 to 1,300 MW, project age varylng from 50 years to new projects, and plant factors from 15 to 
80 percent Histonc data li-om the Unlted States, Canada, and South Amenca were referenced to 
determme the cost of O&M versus installed capacity over a range of installed capacities that 
bracket the requxements in Georga These estimates were adjusted to reflect current labor costs 
in Georga and the cost of matenals and supplies available to Georga 

The current labor costs are severely depressed m Georga, and the degree to whch these costs 
will recover is unknown For the adjustment to Georgran conditions, the average labor costs 
were taken as 15 percent of the labor costs m the U S data base Further, the labor costs in the 
data base were assumed to equal 60 percent of the total O&M cost The resulting labor costs 
should allow for a large O&M staff, whch is the norm m Georga at an average labor rate 
eqwvalent to about $250/month 

The cost of replacement is Included m the annual cost as a slnlung fund It is difficult to 
quantify replacement costs because these costs are dependent on the mamtenance program For 
example, components can be replaced at regularly scheduled intervals suggestmg a lugher cost, 
or they can be replaced only when they fail For these estlrnates, a replacement cost of 30 
percent of the O&M cost was assumed to reflect conditions approxlmatmg the latter phlosophy 

For capital modifications, an allowance of 10 percent of the cost of operation, mamtenance, and 
replacement was assumed A capital fimd will bmld up over the years after the lnltial 
rehabilltabon for any emergency or major rebuildmg efforts Representative annual costs for 
operation, mamtenance, replacement, and capital lrnprovements are presented below 
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Installed Capacity 
MW 

20 
50 

100 
500 

1,000 

Annual Operating Cost 
$/MW 

11 
10 
8 
5 
4 
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Chapter 6 - Thermal Power Generation 

6 1 Assessment of Existing Capacity 

The total nameplate capacity of the thermal electnc generating units in Georgia IS about 
2240 MW The major thermal power stations are Gardabani (1850 MW, 10 Units), 
Tkvarcheli (200 MW, 2 Units), Tbilisi CHP (18 MW, 3 Units), and the Rustavi Steel Mill 
Power Plant (149 MW, 6 Units) There are also several small industnal co-generation 
units Much of the thermal generating capacity in Georgia has detenorated due to lack of 
maintenance or abuse, and some has been destroyed dunng the recent penod of civil stnfe 
A sipficant amount of the capacity is still operational or can be rehabilitated 
Rehabilitation of ex~sting generating u t s  is usually more cost effective in the short term 
than investment in new u t s  

All of the thermal power plants are configured to bum natural gas as the pnmary fuel, with 
mazut as backup fuel The two boilers at Tkvarcheli in Abkazia were onginally designed 
to burn coal, but recently they have only burned natural gas and mazut The eight boilers 
at the Rustavi Metallurgical Power Plant onginally burned coal, coke, and coke oven gas, 
but in recent years they have only burned natural gas and mazut A general descnption of 
the existing power plants is presented in Table 1 
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Table 1 Existing 
U n ~ t  

Gardabani 1 
Gardabam 2 
Gardabani 3 
Gardabani 4 
Gardabani 5 
Gardabam 6 
Gardabani 7 
Gardabani 8 
Gardabani 9 
Gardabani 10 
Gardabani 11 

Tbilisi CHP 1 
Tbilisi CHP 2 
Tbilisi CHP 3 

Thermal 
Rated 

Capacity 
MW 
150 
150 
150 
160 
160 
160 
160 
160 
300 
300 
300 

6 
6 
6 

Generating Units 
Fuel 

Gas, Mazut 
Gas, Mamt 
Gas, Mazut 
Gas, Mazut 
Gas, M m t  
Gas, Mazut 
Gas, Mazut 
Gas, Mazut 
Gas, Mazut 
Gas, Mamt 
Gas, Mazut 

Gas, Mazut 
Gas, Mazut 
Gas, M m t  

Start-up 
Year 

1963 
1964 
1965 
1967 
1968 
1971 
1969 
1972 
1990 
1994 

- 

1971 
1966 
1959 

Status 

Decommissioned 
Decommissioned 

Worlung 
Out of Order 
Out of Order 
Out of Order 
Out of Order 

Worlung 
Worlung 

Under Repair 
Never Completed 

Worlung 
Out of Order 

Worlung 
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Many of the thermal unlts In Georgia are among the oldest in the former Soviet Union, 
w ~ t h  half of the units over thirty years of age The 300 MW Gardabani Unlt 10, the newest 
unit In the system, is being reconstructed following a severe fire in January of 1995 It IS 

now scheduled for startup in 1999 Dunng the past several years the condition of 
Georgia's thermal power plants have detenorated significantly due to aging equipment and 
lack of funds for maintenance and repairs The units that have been in working condition 
have frequently been required to operate at loads that are higher than thelr recommended 
maximum levels, and at times when they should have shut down for maintenance This has 
placed additional stress on the equipment In addition, the power shortage in Georgia has 
resulted m electncal frequency excursions to as low as 44 H z ,  causing damage to the 
plants' electncal equipment Of the more than 2000 MW of installed thermal capacity, 
only about 650 MW is presently operational 

Gardaban~ Thermal Electr~c Power Plant 

The Gardaban] Thermal Electnc Power Plant is the largest thermal plant in Georgia Base 
load power is presently produced by two older steam cycle units, No 3 and 8 with a 
capacity of about 130 MW each, and by the relatively new 300 MW supercntical unit No 
9 Dunng the winter of 1997-8, operations were limited to penods when natural gas and/or 
mazut could be purchased Budgetary constraints led to extended penods of load 
restnction or curtailment when sufficient fuel was not ava~lable for operation at full 
capaclty The two old units are in poor condition, and they operate at rather low efficiency 
levels, approximately 25 % Unit 9 IS newer, In better condit~on, and it has an efficiency of 
about 35 % Unit 10 is essentially identical to Unit 9, but it is expected to be back in 
service in late December, 1998 

Start-up 
Year 

1949 
195 1 
1960 
1985 
1956 
1962 

1978 
1984 

Fuel 

Gas, Mazut 
Gas, Mazut 
Gas, Mazut 
Gas, Mazut 
Gas, Mazut 
Gas, Mazut 

Gas, Mazut 
Gas, Mazut 

U n ~ t  

Rustavi 1 
Rustavi 2 
Rustavi 3 
Rustavi 4 
Rustavi 5 
Rustavi 6 

Tkvarchell 1 
Tkvarcheli 2 

F~nal Report 

Volume 1 Chapter 6 Page 2 September 1998 

Status 

Working 
Working 

Out of Order 
Working 
Working 

Out of Order 

Out of Order 
Out of Order 

Rated 
Capac~ty 

MW 

12 
2 5 
2 5 
12 

2 5 
5 0 

100 
100 
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Rustavi Metallurgical Mill Power Plant 

The Rustavi Metallurgcal Mill Power Plant is part of the integrated Rustavi Metallurgical 
Complex It includes six relatively small generating umts It was onginally designed to 
operate on coke oven gas and coal but it was converted to a natural gas and mazut fired 
plant some years ago Five of the six unlts are condensing w t s  One 12 MW Unit No 4 
is a back pressure turbine and presently operates for process steam and heat The power 
plant is connected to the national gnd at Gardabam by way of a 110 kV transmission line 
It was reported that all turbine generators but No 3 are in worlung order and are ready to 
operate if fuel can be purchased The efficiencies of these w t s  are quite low, averagng 
about 24%, with the exception of Umt 4 which has the advantage of being a co-generation 
m t  The general condtion of the plant is quite poor, particularly the boilers 

Tbillsi CHP Stat~on 

A detailed study was performed to evaluate several alternates to rehabilitate or re-power 
the Tbilisi Combined Heat and Power (CHP) facility, whch is located in the center of 
Tbilisi Results of the study and analysis were included in the final report for USAID 
Delivery Order No 11 as part of the distnct heating systems rehabilitation assessment 

The plant is a significant power generahon and distribution site for the city because it 
serves as a pnmary substahon with 18 feeders to the city gnd The feeders supply power to 
h g h  pnonty consumers such as the Parliament Building, Mimstenal Offices, opera house, 
national stadium, hospitals, schools, banks, etc The present electrical capacity is 18 MW, 
whle the distnct heating capaclty is 66 MW At th s  time, only 22 MW of the total heating 
capacity is utillzed due to constrants in the dstnbution system 

Tkvarcheli Thermal Electr~c Station 

The Tkvarcheli Thermal Electnc Station m Abkazia has two units with 100 MW steam 
turbine generators The plant was onglnally designed to bum coal but the two boiler units 
were converted to m a t  finng in 1984-6 The units are fairly new, 1978 and 1984, with 
low operating hours It is reported that the plant sustained substantial damage f?om 
bombing dunng the 1993 Abkazia civil war, and has been shut down ever since Very 
little other information is known about t h s  power plant, since it is located in Abkazia and 
no one involved in this study was able to inspect it Depending on the extent of the 
damage, h s  power plant could be considered for rehabilitation or re-powenng 
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Present cond~tion and performance of all of the country's thermal unlts IS summanzed In 
Table 2 

6 2 Potentla1 Rehabil~tat~on and Re-Powenng Projects 

Several possible projects have been ~dentlfied for rehabilitat~on or re-powenng of unlts at 
the Gardabanl, Rustavl CHP, and Tb111si CHP statlons These projects would restore or 
Increase generating capac~ty and improve operating efficiency Table 3 llsts estimates of 
cap~tal and operating costs for rehabilltation of all the thermal units 

Table 2 Current 
U n ~ t  

Gardabani 3 
Gardabani 4 
Gardaban] 5 
Gardabani 6 
Gardabani 7 
Gardabani 8 
Gardabani 9 
Gardabani 10 

Tbillsi CHP 1 
Tbilisi CHP 2 
Tbilisl CHP 3 

Rustavl 1 
Rustavl 2 
Rustavl 3 
Rustav~ 4 
Rustav~ 5 
Rustav~ 6 

Tkvarcheli 1 
Tkvarcheli 2 
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Generat~ng 
Ava~lab~lit 

Y 
1997- 8 

89 
0 
0 
0 
0 

8 9 
87 
0 

90 
0 

90 

0 
0 
0 

85 
0 
0 

0 
0 

Units 
Rehab~litat~on 

Needs 

Major Repalrs 
Rebulld 
Rebulld 
Rebuild 
Rebulld 

Major Repa~rs 
Minor Repalrs 

Under Reconstruct~on 

Major Repairs 
Major Repalrs 
Major Repalrs 

Major Repalrs 
Major Repairs 
Major Repalrs 
Major Repalrs 
Major Repairs 
Major Repalrs 

Unknown 
Unknown 

Condit~on of 
Heat Rate, 

J/kWh 

Existing Thermal 
Rel~able 

Capac~ty, 
MW 

13 1 
133 
133 
135 
133 
135 
300 
300 

6 
6 
0 

0 
0 
0 

12 
0 
0 

0 
0 
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Gardabani Thermal Electric Power Plant 

Table 3 Potential Rehabilitation and Repowering Projects 

Two old steam turbine umts No 3 and 8 (capacity 90 to 130 MW each) and a new 300 
MW supercntical m t  No 9 presently produce base load power, when natural gas and/or 
mazut can be purchased The two older u t s  are m poor condition and have low 
efficiency There are additional older m t s  at Gardabani (Umts 4 and 7) that could be 
placed back Into commission However, they are in need of extensive rehabilitation to 
ensure reliable operation The newest umt, No 10, is presently being rebuilt However, 
there will still be a need for additional generation capacity 

Although it is possible to rehabilitate the older umts, their maximum efficiency would only 
be about 29%, with h g h  specific fuel consumption and without any gain in power It has 
been proposed to reconstruct one or more of these old umts as combined cycle power 
plants The existing boilers would be removed and replaced with heat recovery boilers, 
and gas turbine generators would be added The existing Kharkov K-160-130 steam 
turbine would be replaced with a new upgraded replacement installed on the existing 
pedestal 

Unit Cost, 
$/kW 

299 
177 
177 
249 
425 
168 
534 

7 

Unit 

Gardabam 4 
Gardabam 5 
Gardabani 6 
Gardaban1 7 
Gardabani 4 Repowenng 
Rustavi 6 
Rustavi 6 repowenng 
Tbilisl CHP 

Umt output would be more than doubled, with efficiency over 50% New u t  llfe would 
be 30 years, compared to about 8 - 10 years for only rehabilitation of old umts The 
advantage of re-powenng is the cost savlngs by using existlng auxiliary equipment and 
lnfrastructure 

Rustav~ Metallurg~cal Mill Power Plant 

Capacity after 
Rehabilitation, M 

W 
130 
90 
90 

130 
320 
5 0 

159 
18 

As previously mentioned, the condition of the Rustavi Metallurgical Mill Power Plant IS 

quite poor Extensive remedial mamtenance is needed for all of the u t s  at the plant The 
50 MW Umt NO 6 turbine had new HP and LP rotors installed ln 1989 However, the unit 
needs new electncal controls and the condenser needs to be re-tubed The total estimated 
cost to repar the Umt 6 turbme, along with the two largest boilers, the switch yard, and 
water treatment systems was estimated to be about $8 4 million for a total rellable capacity 

Useful Llfe after 
rehabilitation, yr 

10 
8 
8 

10 
25 
10 
25 
10 
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of about 50 MW The new unit would have a relatively low efficiency of about 24% and 
remaining life of about 10 years It could be a cost effectlve means to add generation 
capacity quickly in the short term 

The No 6 - 50 MW steam turbine generator IS In fairly good condition and could be 
consldered for re-powenng with a gas turbine generator and heat recovery boiler as a 
comblned cycle unit Power output could be almost tnpled to about 150 MW wlth unit l ~ f e  
extended to 30 years, and efficiency of about 50%, compared to old unit rehabilitation l ~ f e  
extension of about 10 years and efficiency of about 24% The cost of such a repowenng 
project is expected to cost about $80 million, or about $534 per kllowatt 

Tbilis~ Comb~ned Heat and Power Station 

An ~mmediate to short term project would be to spend about one m~llion dollars per year 
for a few years for deferred maintenance and repalr work to rehabil~tate the boilers, 
turbines, and auxiliary equlprnent In order to generate 18 MW of power A longer term 
solution is to replace the existing TES with a new high efficiency gas turbine combined 
cycle combined heat and power plant The exlsting electnc transmission substation could 
handle up to 80 MW Alternative conceptual des~gns and cost estimates have been 
developed 

6 3 Potential New Thermal Power Plants and Statlon Expansion Projects 

Two thermal power plant projects are belng actively consldered for new capaclty 
expansion A new 400 MW Single Shaft Gas Turbine/Steam Turblne Combined Cycle 
unit is planed for the expansion of Gardabam Also, a 125 MW coal fired Circulating 
Fluidized Bed Boiler (CFB) power plant is planned for Tkibuli It would be located at a 
local coal mlne 

Gardaban~ Unit 11 

A number of schemes have been proposed for the Gardabani Station The most promising 
are for the addltion of a gas fired comblned cycle unlt In the 300 to 500 MW range For 
thls study, we selected a 400 MW GE STAG 9F s~ngle shaft arrangement as typical of the 
proposed equipment opt~ons This plant would consist of a gas turbine, a steam turbine 
generator, a generator and other associated equipment and systems The power tram would 
be a single shaft arrangement, with the gas turbme, steam turbme, and generator mounted 
on a common shaft The single shaft arrangement IS selected for its deslgn and operating 
s~mplicity, lower capital cost, more compact arrangement, and higher reliability 
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The operating statistics of combined cycle units indicate that modem combined cycle units 
can be expected to have an availability of about 90 percent Plant reliability figures are in 
the range of 96 to 99 5 percent Operating experience also indicates that single shaft 
combined cycle systems generally have slightly higher plant reliability and availability 
than multi-shaft combined cycle systems Ths  can be attributed to the relative simplicity 
of control and operation and proper maintenance practices 

The existing switchyard w~l l  need to be upgraded to interconnect the new comblned cycle 
facility to the Georgian gnd The existing cooling towers will need to be rehabilitated, new 
pumps and circulating water system installed A new boiler water treatment system is 
included 

The following performance figures are estimated based on IS0  standard arnblent 
conditions 

I Gross Outnut I 400.000 kW I 
I Auxiliary Power Requirements 1 5,700 kW I 

1 Net Plant Heat Rate (LHV) I 1537 kcaVkWh I 

Net Plant Output 
Heat Consumption (LHV) 
Gross Heat Rate (LHV) 

I Net Plant Efficiency (LHV) 55 9% 1 

394,300 kW 
606 2 GcaVh 

1515 kcaVkWh 

Final Report 
Volume 1 Chapter 6 Page 7 September 1998 

L #4 



Georg~a Electricity Sector Least Cost Development Plan 

The following cost data was taken from a recent proposal for a similar comb~ned cycle 
power plant for a project in Azerbaijan, which is assumed to be representatlve for the 
condl tions in Georgia 

Table 4 Cost Est~mate - 400 MW Comblned Cycle, US 
C I V I ~  and Architectural 
Gas Turbine, Steam Turblne, Electnc Generator 
Heat Recovery Steam Generator 
Piping, Accessones, and Insulation 
Fuel Supply 
Water Treatment 
Other Mechanical 
Major Electrical Equipment 
Other Electncal 
Instrumentation and Controls 

Total Direct Costs 
Indirect and General Expenses 

Total Directs and Indirects 
Engineenng Servlces 

Total Dlrect, Indlrects and Englneenng Serv~ces 
Contingency (at 8 0 %) 
Owner's Costs 

Total Project Cost 
Total Cost per EGlowatt 

T k ~ b u l ~  125 MW Coal Flred Clrculatlng Fluidized Bed (CFB) Power Plant 

$1,000 (1997) 
4,127 

69,260 
15,155 
8,701 
1,157 
3,469 
8,463 

1 1,437 
3,104 
3,410 

129,283 
26,911 
156,194 

9,050 
165,244 
12,489 
21,328 

199,061 
$500 

Table 5 Comblned Cycle Fixed and Var~able O&M Costs, $1000 1997 

There have been several studies and proposals for rehabilitation of the Tkibull coal mines 
near Kutalsi, and proposals for building a coal fired C~rculating Fluidized Bed (CFB) 
boiler power plant 

O&M Item 
Plant Staff 
Ma~ntenance Matenals 
Consumables 
Overhead 

Total 
Fixed O&M, $/kW/yr 
Vanable O&M, $/MWh 
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Based on plant capacity factor of 85% 

Fixed Cost 
84 

1538 

830 
2452 

Var~able 

1538 
580 

21 18 

Total 
84 

3078 
580 
830 

4569 
6 13 
0 71 
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For purposes of this study, we assumed that a new unit would consist of a 125 MW steam 
turbine generator, with two half-size circulating fluidized bed combustion boilers The 
new unit would be located at the site of a previous boiler plant The 125 MW turbine 
generator is a K- 125/115-12 8 NPO "Turboatom" machne manufactured by Kharkov 
Turb~ne Works Its nominal output is 125 MW as indicated by its designation At this 
nominal load the turbine gross heat rate is 2042 kcaVkWh 

Each boiler would be a single drum, natural circulation unit of two-stage solid collect~on 
design, with forced draft and induced draft fans The coal feed system includes a hammer 
mill crusher with volumetric feeder and screw feeder Limestone is dned in a rotary dryer, 
crushed in a vertical spindle roller screen mill, and conveyed pneumatically to the hates 
A fabnc filter controls particulate emissions 

Net power output from the u t  and net u t  heat rates were determined for vanous loads 
between 100% and 40% Based on previous experience with flmdized bed u t s ,  an 
auxiliary load of 8 5% was used for the full load condition Based on information provided 
by CFB boiler manufacturers, an efficiency of 86% was used for the 100% load point 
Based on the above figures, the full load net u t  output is 114 4 MW, and the resulting net 
u t  heat rate is 2595 kcaVkWh Ths  corresponds to a net unit efficiency of 33 1 % 

The balance of plant equipment includes a condenser, six feed water heaters, necessary 
pumps, piping, and controls The turblne will be h i s h e d  as a package including the 
condenser, main steam stop valves, control valves, controls, lube oil tanks and coolers, 
extraction check valves, safety devices, ejectors and turbine tumng gear with electnc 
motor The estimated project cost for the new power plant is $ 1,328 per kW, the details 
of the total cost are as follows 

The operating costs for the plant are estimated to be as shown in the following table 
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6 4 Potential for Renewable Power Sources 

Table 7 Ma~ntenance Schedule for 125 MW CFB Plant 

Scientists and experts in Georgia have studied and developed technologies to utilize 
renewable energy for many years But due to the former Soviet Union's predisposition 
toward building large fossil and nuclear power plants, renewable energy was considered as 
a novelty that was of interest only to scientists and academics The government of Georgia 
has recently acknowledged the importance of the country's renewable energy resources and 
the need to develop these resources to help reduce the dependence on imported energy 
The Least Cost Investment Plan for Georgia has included an investigation of these non- 
traditional, or renewable, energy sources for possible generation of electncity 

Minor preventive maintenance 
Intermediate repairs 
Capital or major overhaul 
Unit forced outage rate 
Fixed O&M costs 
Vanable O&M costs 
Coal costs 

There are substantial resources of geothermal, solar, and wind energy that can be utilized In 
Georgia Of the three, wind energy has the greatest potential for direct generation of 
electnc~ty It is also the most highly developed technology for producing significant 
amounts of electncity at competitive cost While geothermal and solar are capable of 
significantly reducing end-use demand for electnclty, only wind power is likely to make a 
substantial contnbution to electnc power generation 

13 days per year 
25 days per year 
120 to 120 days per 4 years 
4% 
$12kW/yr 
$ 3 N W h  
$34/metnc ton 

W~nd  power generation resources In Georgia have been estimated to be roughly 1 3 tnllion 
k W y e a r ,  based on wlnd data that has been collected at 145 weather stations over a 50 
year penod However, there have been concerns that the Soviet era wind data was not of 
adequate quality to justify the development of wind power generation facilities Recently, 
efforts have been directed at developing more reliable wind data 

The International Energy Center "ENECO was created as a non-governmental 
organization to study the problems and obstacles related to development of renewable 
energy sources, and to assist in solving these problems ENECO installed a modem 
electronic data logger, with anemometers and direction vanes mounted on a tower at 10 
and 20 meters at Mt Sabueti dunng October 1996 The data logger takes readings every 
two seconds and averages the data for ten minute or one hour intervals For ten minute 
~ntervals, 56 days of data can be stored, and for one hour intervals, 340 days data can be 
stored This data can be downloaded into a computer for analysis 
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The preliminary results of about one and one-half years of continuous data collected by 
ENECO indicate that the wind speed data collected dunng previous years IS not entirely 
reliable However, their analysis indicates that the potential of minimum wind speeds are 
favorable for installing a wind power station 

Another organization, Karenergo, the Scientific Research Center of Wind Energy ~n the 
Ministry of Fuel and Energy of Georgra, has performed mdependent analysis of the Soviet 
era meteorolog~cal data at the Hydro Meteorological Institute of the Academy of Sclence 
of Georgla Karenergo has selected four sites with good potential to construct wind farms 
The four project locations that have been investigated are 

30-50 MW Tbilisi-Samgon 
50 MW Kutasi 
100 MW Mount Sabueti 
30 M W  Baturni 

The selected projects have wind velocities over 3 5 - 5 0 d s ,  and urlnd durations in excess 
of 5,000 hourslyear Additional wind farm projects have been identified and studied by 
others, including a major site at Tskhratskaro 

Based on those studies, as much as 730 MW of capacity generating more than two billion 
lulowatt-hours of electncity per year could be in Georgia The cost of building a wind 
based power plant, or "wind farm," m Georgia is less than $1,100 per kW, and the cost of 
producing electncity could be less than $0 04 per kW, depending on the cost of financ~ng 
and the plant's capacity factor 

The economic performance of a wind power plant is detemned by wind speed, wind 
direct~on, turbine charactenstics, siting conditions, and operation and maintenance costs 
Wind generators presently have 97 - 99% availability, and capacity factors of more than 30 
% when located in hlgh potential locations Typical electncity production for most wind 
generators vanes from 1,200 to 1,500 kwh per year per hlowatt of installed capacity At 
Mt Sabuetl it is estimated that about 2,000 kWhlyear per lulowatt installed can be 
achleved 

From an ecological point of view, wind power generation is very attractive Wind farms 
requlre large areas for the optimum arrangement of the multiple generation units 
However, in terms of actual space occupied they use less area than thermal power plants 
for producing the same amount of elechcity Less than two percent of the land occupied 
by wind farms is actually covered by the foundations, roads, and other stmctures The rest 
of the land IS useful for farming and ammal grazing The pollutant emissions that are 
avoided by employng wind power are s~gruficant A 500 kW wind generator will offset 
the following amount of emissions fiom a coal burning power plant each year 
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Wind power generation is gradually winnlng wide acceptance by electnc utilities that are 
looking for economical ways of reducing emissions Worldwide wlnd based generat~ng 
capacity exceeded 6,000 MW in 1996, and it is expected to exceed 12,000 MW by the year 
2000 Many Arnencan and European utilities have been mandated to install hundreds of 
megawatts of wlnd power to offset emissions of "greenhouse gases" of carbon dioxide, 
sulfur diox~de, and nitrogen oxides 

Carbon d~oxide 
Sulhr dioxide 
Nitrogen diox~de 
Slag and fly ash 

6 5 Potentla1 Wlnd Power Projects 

1,100,000 kg 
9,000 kg 
7,000 kg 

82,000 kg 

The Department of Renewable Energy Utilization in "Sakenergo Generation" has 
developed a number of project cost estimates based on 500 kW - 1 5 MW wind power 
machines The~r cost estimates Include the costs for generators and controls, matenals for 
foundations, construction labor, and electrical systems complete to the p d  They estimate 
$850 to $1,00O/kW ( excluding financing and Owner's costs) is needed for a complete 
package, based on 20 MW to 30 MW wlnd farm Karenergo experts have worked closely 
with Burns and Roe to prepare cost and performance data for the least cost investment plan 
for Georgia Karenergo prepared site assessments for road access, available land area, high 
voltage transmission lines, substations, and unobstructed honzon 

As part of this least cost planning study, Bums and Roe in conjunct~on with ENECO 
gathered production specific data for the Mount Sabueti location Generation data for 
several turbine options evaluated for thls study IS presented In Appendix 5 The Mount 
Sabueti slte IS located at an elevation of 1,248 m above sea level Long term data is 
available for the penods 1940 - 1965 and 1965 - 1992 Updated equipment placed at 
Mount Sabueti in August 1996 form the basis of the calculations used as part of this study 
since the average annual wind speed m the previous two reporting penods were In 
disagreement (9 2 m/s and 7 5 mfs, respectlvely) Therefore, a conservative annual average 
wind speed (5 51 m/s) has been assumed 

Stud~es concluded that a wind farm application, based on 1 5 MW turbine generator unit at 
the Mount Sabueti site, was the most attractive project for implementing renewable power 
generation in Georgia The data presented below corresponds to a 100 MW wlnd farm to 
be located at the Mount Sabueti s ~ t e  
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Installed capacity lOOMW 
Vanable O&M Cost $0 005 $/kwh 
Fixed O&M Cost $10 kW/year 
Capital Cost $1050 1 kW 
Equipment Life 20 years 
Forced Outage Rate 1% 
Planned Outage Rate 1 % 

T h s  project has been included in the IPM model study as a potential source for long term 
power generation 
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Chapter 7 - Transmission System Development 

This report prowdes an evaluation of the future development of the transmission system in the Republic 
of Georgia for the penod ending in the year 20 10 The Georglan power system has been resynchronized 
wth  the Russian and Azerbaijan power systems, and diversity power and energy exchanges with Turkey 
are implemented in the Batumi area These facts and improved measures to balance the available 
generation wth  loads has significantly improved the operahon of the system However, the available 
generabng capacity is still less than adequate to meet the unconstrained internal power and energy 
demands w t h n  the country The practice of interrupting loads around the country, although now on a 
more orderly and regularly scheduled basis, conhnues as a direct result of the inadequate or unavailable 
generahng capacity 

Analybcal studies have been performed to develop a strategy and least cost investment plan of 
development for the electnc power system in Georga These studies are dlrected toward the development 
of an integrated planning model that properly reflects considerahon of Important vanables that w11 shape 
the future development of the system These vanables include rehabilitahon or life extension of exishng 
hydro-electnc plants, construchon of new hydro generahng capacity, rehabilitation or construchon of 
fossil fuel generahng capacity, development of renewable generahng resources, such as wind or solar, 
energy efficiency and demand side management measures, and improvements to the internal and inter- 
regional transmission system 

The project consists principally of two inter-related parts The first part involved developing cost and 
financial data about alternative hydro, thermal and renewable generahon projects, demand side 
management programs, and transmission reinforcement projects %s data was used as input data to the 
IPM software program The IPM model was then used to compare and rank the costs associated with 
alternahve development plans based on future assumptions for key planning vanables 

The second part involved the analysis and evaluation of the transmission rewsions denved from the IPM 
model runs Ths technical evaluahon consisted of load flow modeling to insure the stability of the 
transmission proposed by the plan wth  respect to system performance and operational secunty matters 

7 2 Overv~ew of Georgian Power System 

Georgia is strategically positioned to parkipate in a number of large energy infrastructure projects under 
consideration for development in the Caucasus Regon It is generally understood that further integrabon 
and interconnection of the Georgan power system to its neighbors, including Russia, Azerbaijan, 
Armenia, and Turkey can result in the creation of a larger power system that would be beneficial to all of 
the integrated systems Comprehensive transmission planning studies to analyze alternahve means to 
further interconnect the Turlush and Georgan system are reported in "The Study of Interconnechon of the 
Caucasus Countnes wth  Turkey" by Verbundplan Grnbh Vienna Evldence from around the world 
suggests there are significant economic and technical benefits to be denved for all of the parties involved 
in the creation of large interconnected power systems Figure 1 depicts the exishng generation and 
transmission systems in the Republic of Georgia To acheve these economies and benefits, the Georgian 
power system control, communications, and dispatch systems will need to be rebuilt and modernized 
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Flgure 1 
Exlstlng Transmlss~on System 

Power System of Georg-1~ 
220kV, J30kV and 500kV 

TURKEY 

Thc Republ~c of Georgia rel~es on hydro for more than 60% of the total generatlon and gas and oil for the 
bal'mce Generating capacity for the Georgian power system generally res~des In two regions, the 
Ca~icasus Mountains In the Northwest and Southeast Georgla 

From a macro system operation perspective, the Georgian power system can easily be lv lded Into two 
parts n'amcly West and East Georgla This dlvision 1s rather natural as a mountarn cham separates East 
from West Georgla Beyond that the location of power generatlon sources, load centers and transmlsslon 
Infrastructure of the power system also generally reflects a West and East onentatlon Several larger and 
mcd~um hydro-electr~c plants, lncludlng Engur~ (1,300 MW), Vardnili (340 MW), Ladjanun (1 11 MW), 
Varts~khe (I84 MW) T k ~ b u l ~  (80 MW), Shaon (80 MW), h o n l  (49 MW), and Gumat1 (56 MW) and thc 
major load centers of Ki~talsl and Batumi are located In West Georg~a 

East Georgla 1s the site of the Gardabm thermal power plant (now nominally rated at 780 MW 
m'wlmum) Stveral medium slze hydro-electnc plants including Khrami (1  10 MW) and Jlnvall (130 
MW) are located in East Georgla By far the largest load center is T b ~ l l s ~  which stretches between a 
moi~nta~n range for some 40 km Other notable load centers m East Georgia include the Rustavl 
Metallurgical Works and Rustavi Chemical plant 

The ~nternal hlgh voltage transmission svstem conslsts prlmanlv of 500 kV and 220 kV l~nes  Thc West 
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and East systems are interconnected by one 500 kV (Engun-Zestaphoni-Ksani-Gardabani) transmission 
line and several 220 kV transmission lines The ability to transfer power from west to east and vice versa 
is presently unreliable and restricted This limitation stems, in part, from the inability to energize three 
220 kV transmission lines that operate in parallel with the Engun-Zestaphoni 500 kV line All three 220 
kV transmission lines are damaged and in need of repalr as explained more fully in the next section 

From an inter-reg~onal perspective, the Western portion of the Georgian power system is interconnected 
in the north to Russia and in the south to Turkey The Eastern porhon of the Georgian power system is 
interconnected m the east to Azerbaijan and the south to Armenia Table 1 lists the high voltage 
interconnections to Georgia's neighbors 

Table 1 Georga Interconnections 

Three 220 kV circuits in west Georgla that operate in parallel with the Engun-Zestaphoni 500 kV 
transmission line have been damaged by sabotage and theft The Menji - Tskaltubo 220 kV double 
circuit line (Senalu comdor) is missing pnmary conductors The Zestaphoni - Kutaisi 220 kV line 
(ejameti comdor) is reported to be missing approximately 8 km of conductor Site inspections and field 
surveys of the foregoing transmission facilitxes are requlred to determine their present conditions If the 
find~ngs demonstrate the towers are structurally sound, it IS estimated the restnngng of the double circuits 
could be accomplished at a cost of approximately $74,00O/km Finally, the Ksani-Azerbaijan 500 kV 
interconnechon has also been damaged due to sabotage 

A major transmission reinforcement project was approved and started in 1989 Thls project involved the 
construction of a second 500 kV transmission lme between the Zestaphoni and Gardabani stations This 
500 kV line would further integrate the west and east Georgan power system and operate In parallel with 
the existing Zestaphoni-Ksani-Gardabani 500 kV transmission line In 1992, however, the project was 
abandoned due to inadequate funding and the line was never completed In addition to the need to 
complete tower erechon and other implementation actiwhes for t h s  project, it is reported that much of the 
installed conductor has been stolen A complete inspect~on of the enhre route of this line is needed to 
properly assess the damage and the scope of work needed to complete construction of this major 
transmission project In wew of the available informat~on and based on discussions with Sakenergo, 
preliminary estimates were made to assess the cost of repalrslwork needed to finish this project As 
explained more fully in later sections, ~t is now mewed that the complehon of this 500 kV transmission 
line could serve as a base for establishing a new hgh voltage interconnechon to Turkey Such a project 
would Involve the construction of an add~tional 15 km (two circuits) to a new stabon site (Akhaltzikhe) 
The costs reported below exclude the esbmated costs of the 15 km segments and the development of the 
Akhaltzikhe substabon 

The followmg table presents preliminary eshmates of the costs to repair the damaged 220 kV 
transmission lines and to complete construchon of the 500 kV circuit 
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Table 2 Repa~rIComplet~on Costs for Ex~stlng Transmlsslon Lines 

7 3 Defin~tlon of Planning Areas 

The tnformation describing the transmission system performance and operations complements data 
developed by other groups tnvolved in this project The first steps in the analysis of transmission Issues 
associated with the development of the least cost investment plan involved the collection of data to 
descrlbe the topology of the transmissron system Other data was assembled to descnbe the ability of the 
transmission system to support the delivery of power and energy within Georgia and its ability to 
exchange power and energy between Georgla and neighbonng systems 

A review of Georgia's power system structure suggested a model representing five areas or regions as 
being adequate to charactenze key technical features of the system In defining the regions, consideration 
was given to the following cntena 1) location of extsting and planned power generating resources, 2) 
balance between local power generation and local loads, 3) configuration and strength of the ex~sting 
transmlsslon system, and 4) use of the high voltage transmission system to deliver power and energy 
wlthin and through the Interconnected regions 
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The five regions selected to charactenre the system for the IPM model are illustrated below in Figure 2 

F~gure 2 Flve Reg~ons 
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The following table highltghts the principal charactenstlcs of the planning regions as defined for the IPM 
model 

Table 3 Integrated Planning Model Areas 

Northwest (N) 

Southwest (S) 

I East (E) 1 High load with respect 1 Gardabanl power plant 1 to Azerbaijan I 

Low load w t h  respect 
to generation 

West (W) 

Central (C) 

High load wlth respect 
to generahon 

The following outllnes the approach used to develop the simplified representation of the transmtssion 
system in the IPM model The extsting transmlsslon lines linlung the five areas were explic~tly 
represented in the IPM model The transmission lines formlng the internal interfaces between the regions 
were charactenzed by their ability to support power and energy transfers between the areas As 
appropnate, the transfer capability was modeled to reflect load level and seasonal variat~ons In ltke 
manner, the tnterconnecttons from Georga to ne~ghbonng systems (countries) were modeled expltc~tly 
The facrlities comprising the external interfaces were also charactenzed by the~r  ability to support power 
and energy transfers from Georgia to the neighbonng systems and from the neighbonng systems to 
Georgia In this way, the level of power and energy imports and exports were established in view of 
operating constraints and plannlng objectives 

Enguri and Vardnill 
hydro plants 

Balanced load w t h  
respect to generation 

Balanced load w t h  
respect to generation 

to generation 

The future internal transmission llnes between plannlng regions and future interconnections to 
nelghbonng systems were modeled explicitly m a manner similar to the foregoing approach for existing 
facll~ties In additton the input for the IPM model Included the estimated cost of the new project as well 
as the earliest feasible commercial service dates 

to Russla 

Batuml Gas turbine 
plant under 
construction 

1 to Armenla 

Northwest Geornla (Area N) 

to Turkey 

Hydro generation 
Plants 

Few power generation 
resources 

The northwest area is connected Internally to the southwest and west areas Data was collected to 
charactenze the power transfer capabilittes to Russia and for the internal interfaces to the southwest and 
west areas The northwest area is now the pnmary path for power and energy imports and exports with 
Russla 

None 

to Azerbaijan 
to Turkey (Future) 

The internal transmlsslon interface to the western area consists of the Engun-Zestaphoni 500 kV line, and 
other 110 kV transmisston lines The internal transmission interface to the southwest area consrsts of the 
Zugdidl- Menji 220 kV line and other 1 10 kV transmisston lines 
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The transfer capabil~ties to Russia and the central areas are heavlly dependent on the availability of the 
500 kV intercomechon to Russia and the Engm-Zestaphon~ 500 kV lme, respectively The 500 kV 
interconnection line to Russia expenences frequent outages because it traverses rugged mountainous 
terrain The line can be out for extended penods of bme as a result of avalanches and other weather 
related conditions The Engun-Zestaphoni 500 kV line can also expenence weather related outages 

Southwest Georma (Area S) 

The southwest area is connected Internally to the northwest area and the western area Plans are under 
development to further reinforce the internal Georgan system between the northwest and southwest areas 
and to further interconnect Georgia with Turkey 

The transmission lines to the northwest area have already been descnbed The transmission lines linlung 
the southwest and west areas include the Menji-Kutaisi 220 kV and Menji-Tskaltubo 220 kV circuits 1 
and 2 (which are damaged and de-energ~zed) and other 110 kV transmlssion llnes 

West Georaza (Area W )  

The western area is pnncipally a load area with few exlstmg generatlon resources The western area is 
connected to northwest, southwest, and the central areas The transmlsslon lines to the northwest and 
southwest areas have already been descnbed The transmission lmes llnlung the west and central areas 
include Zestaphoni-Ksani 500 kV, Zestaphoni-Khashm 220 kV and several 110 kV lines 

Central Georaza (Area C) 

The central area is pnncipally a rural load area wth  some hydro generatlon The central area is 
interconnected in the east to Azerba~jan by a 330 kV transmlssion line The central area is Internally 
connected to the western area and the eastern areas The transmlss~on connecbons to the northwest and 
central areas have already been descnbed The central area is connected to the east by the Ksani- 
Gardabani 500 kV line, Ksanl-Lisl 220 kV clrcuits 1 & 2, and Ksani-Gldani 220 kV cn-cults 1 & 2 

East Georaza (Area El 

The detenoration of the generahng capacity at the Gardabani plant has transformed East Georgia 
pnmmly into a deficit area The eastern area is Internally connected to the central area East Georgia is 
interconnected in the south to Armenla and the east to Azerbaijan The mternal transmission interface to 
the central area has already been descnbed The interconnecbons to Armenia Include the Khrami- 
Alaverdi 220 kV (which is unavailable due to war damage) and 110 kV transmission lines The 
intercomectlon to Azerbaijan includes the Gardabani-Akbstapha 330 kV transmission line 
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Table 4 presents a summary of the lnterconnectlons between regions 

Table 4 Interconnectlons Between Reg~ons 
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West - Central 

Central - East 

Northwest - Russla 

Southwest - Turkey 
Central - Turkey 
Central - Azerbaijan 
East - Azerbaijan 
East - Armenla 

Menji - ~skaltubo 
Zestaphon~ - Ksani 
Zestaphon - Location 
15km from Akhaltsihe 
Zestaphoni - Khashur~ 
Zestaphonl - Chiatura - 
Khashun 
Ksani - Gardabani 
Gardabani - Locabon 15 
km from Akhaltsihe 
Ksani - Gldan~ 
Ksan~ - Lisi 
Jinvalt - Telavi 
Engun - Russia 
Engun - Sukhumi - 
Russia 
Bziphl - Russia 
Batumi - Turkey 
Akhaltsihe Turkey 
Ksan~ - Azerbaijan 
Gardabani - Azerbaijan 
Gardabani - Armenia 

220 kV 
500 kV 
500 kV 

220 kV 
220 kV 

500 kV 
500 kV 

220 kV 
220 kV 
220 kV 
500 kV 
500 kV 

220 kV 
220 kV 
400 kV 
500 kV 
330 kV 
220 kV 

Rehabllitat~on 
Existlng 

Rehab~litat~on 
and Future 

Rehabilitation 
Future 

Existlng 
Rehabilitation 

and Future 
Existlng 
Existing 
Future 

Ex~sting 
Future 

Existing 
Existing 
Future 

Rehabilitation 
Rehabilitation 

Existing 
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Tables 5 and 6 surnmanze the power transfer capab~lit~es between reglons as used for the development of 
the IPM model 

Table 5 Transfer Capab~hhes of Exlstlng Llnes 
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South - Turkey 
Turkey - South 

Baturni - Turkey 220 kV 
Turkey - Batumi 220 kV 

220 MW 
180 MW 
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Table 6 Transfer Capab~ht~es of Future Llnes 

7 4 Scope of Planned Transmlsslon Projects 

The planned transmrsslon and generahon facilities included in the integrated planning model are 
illustrated in Flgure 3 Thls section also includes a discussion of damaged facllihes that need to bc 
repalred or rebuilt The scope of the planned transmission projects are discussed according to thelr 
locations in the five plannlng reglons 
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Figure 3 Future Fac~lit~es 

220kV, 330kV and SODkV 

- zm'v - m P  - mw m u -  

Northwest - Southwest 

The Engun - Menji 220 kV double circuit transrmssion line was evaluated in the model for the northwest 
to southwest internal connection The Engun - Menji 220 kV double circuit transmission line wl1 
require upgrades to exlsting stations The transrmssion line will be 77 km in length The Engun station 
will requlre two new 220 kV circuits breakers and three 167 MVA, 500/220 kV auto-transformers The 
Menji station w11 also require 2 new 220 kV circuit breakers The estimated cost of this transmission 
facility is $41,356,000 (1998 U S dollars) The estimated tune to complete the project utilizing one crew 
is 2 years Refer to the appendix for the Engineer, Procuremerrt, and Construction schedule 

Northwest - West 

The Engun - Zestaphoni 500 kV transmssion line was evaluated in the model for the northwest to west 
internal connection The Engun - Zestaphoni 500 kV transrmssion llne will require upgrades to existing 
stat~ons The transrmssion line wll  be 194 krn m length The Engun and Menji stations will each requlre 
one addibonal 500 kV circuit breaker The estunated cost of t h s  new transm~ssion 11nk is $71 060 000 
(1998 U S dollars) The est~mated tlme to complete the project utilizing two crews for line foundations 
and structures, and utilizing single crews everywhere else is 1 5 years Refer to the appenhx for the 
Engmeer, Procurement, and Construction schedule 
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Southwest - West 

The Menji - Tskaltubo double circuit 220 kV transmiss~on llne was evaluated In the model for the 
southwest to west internal connectlon The Menji - Tskaltubo double circult 220 kV transmission line is 
an ex~sting line In which the conductor was stolen An estimated 12 krn of new double 220 kV conductor 
wlll need to be strung on the existing towers No statlon upgrades will be requ~red The estimated cost of 
this project is $895,482 (1998 U S dollars) The estimated time to complete the project utilizing single 
crews is 1 year Refer to the appendix for the Engneer, Procurement, and Construct~on schedule 

West - Central 

The Zestaphoni - Khashurl 220 kV transmission line was evaluated in the model for the west to central 
internal connection The Zestaphonl - Khashun 220 kV transmission line 1s an existlng line In which the 
conductor was stolen An est~mated 20 krn of slngle clrcult 220 kV conductor will need to be strung on 
the exist~ng towers No statlon upgrades will be required The est~mated cost of this project is $746,235 
(1998 U S dollars) The estimated hme to complete the project utllizlng slngle crews 1s 1 year Refer lo 
the appendix for the Englneer, Procurement, and Construction schedule 

The Zestaphonl - Chiatura - Khashun double clrcult 220 kV transmission line was evaluated m the model 
for the west to central internal connectlon The transmission llne wlll be 105 km In length The 
Zestaphoni and Khashun 220 kV statlons will each require two new 220 kV breakers The Chiatura 
statlon will be new and will Include five 220 kV breakers The est~mated tlme to complete the project 
utillz~ng two crews for line foundabons & structures, and utlllzing slngle crews everywhere else is 2 5 
years Refer to the appendix for the Engineer, Procurement, and Construct~on schedule 

Another west to central link considered in the plannrng model is the Zestaphoni 500 kV line to a point 
about 15 krn north of the Akhaltsihe stat~on s ~ t e  The complete circult would involve the construction of 
the 500 kV transmission ltne from Zestaphon~ to Gardabani The addlt~onal 15 krn of transmrssion line to 
connect to the Akhaltisihe substation has been Included m the Central - Turkey interconnection project 
slnce that project could stand alone from the Zestaphoni - Gardabani project Construction of the 
transm~ss~on line was started m 1989 and was halted in 1992 In addition, sections of the completed line 
were damaged by sabotage and theft of pnmary llne conductors It IS esbmated that approx~mately 36 km 
must be restored and 5 km of new construcbon wlll be needed to complete the line section between the 
Akhalts~he tap point and Zestaphoni The Zestaphoni station w11 require one new 500 kV circult breaker 
The estimated time to complete the project utillzlng slngle crews is 1 1 years Refer to the appendlx for 
the Englneer, Procurement, and Construction schedule 
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East - Central 

Two new transmission lines were considered to improve the east central internal connection The first 
was the Gardabani 500 kV line to a locabon 15 km north of the future Akhaltsihe station site As 
previously noted for the related Zestaphoni-Akhaltsihe tap site, the addibonal 15 km of transmission line 
to connect the proposed Gardabani-Zestaphoni 500 kV line to the Akhaltlsihe substation has been 
included in the central Turkey interconnecbon project cost eshmate This line will include 190 krn of 500 
kV transmission line construcbon Note the construcbon of the transmission line was started in 1989, 
but was halted in 1992 In addition, secbons of the line were damaged by sabotage and theft Currently, 
108 km must be rehabilitated and 82 km w11 involve new construction The Gardabani station will 
require the installahon of one new 500 kV circuit breaker The estimated time to complete the project 
utilizing smgle crews is 1 7 years Refer to the appendix for the Engneer, Procurement, and 
Construction schedule 

The second transmission project linlung the east and central areas considered in this study is the Invali - 
Telavl 220 kV transmission line Tlus line is approximately 62 km in length and of single circuit 220 
construction It was assumed that the 220 kV double circuit f7om Telavl to Gurdjaani had been 
constructed before the projects discussed in t h~s  report were implemented The Jinvali stahon w11 require 
one new 220 kV circuit breaker The Telavl 220 kV stabon will requre one addihonal 220 kV circuit 
breaker The eshmated cost of this new transmission llnk is $10,957,000 (1998 U S dollars) The 
esbmated lxme to complete the project uhlizing single crews is 1 9 years Refer to the appendix for the 
Engineer, Procurement, and Construchon schedule 

Northwest - Russza 

The proposed addilonal interconnecbon to Russia consists of the Engun - Sokhum~ - Russia 500 kV 
transmission line The Engm to Sokhumi 500 kV secbon wl l  be 106 km and the lme section from 
Sokhumi to the Russian border wll  be 73 km The Engm 500 kV stabon w11 requn-e one new 500 kV 
circuit breaker The Sokhumi station w11 be new, and include four 500 kV circuit breakers and three 167 
MVA, 5001220 kV autotransformers The eshmated cost of t h s  new transmission link is $79,590,000 
(1998 U S dollars) The eslmated hme to complete the project uhlizing two crews for line foundations 
and structures, construcbon and assembly, and ublizing single crews everywhere else, is 2 2 years Refer 
to the appendix for the Engineer, Procurement, and Construchon schedule 

Central - Turkey 

The proposed interconnection to Turkey consists of a new 5001400 kV Akhaltsihe substation to be 
constructed south of the proposed Zestaphoni to Gardabani 500 kV transmission line Approximately 30 
km of 500 kV transmission line must be constructed to connect the Akhaltsihe stahon to the Zestaphonl - 
Gardabani 500 kV transmission llne Approximately 46 krn of 400 kV transmission line must be 
constructed from Akhaltsihe to the Turlush border The new Akhaltsihe station includes four 500 kV 
circuit breakers, three 167 MVA ,5001400 kV autotransformers, and two 400 kV breakers The esbmated 
cost of this new transmission link is $47,890,000 (1998 U S dollars) The esbmated hme to complete the 
project ublizing single crews is 2 years Refer to the appendix for the Engineer, Procurement, and 
Construcbon schedule It is important to note that several vmahons of the plan to interconnect the 
Georgian and Turlush power systems are under considerahon The project discussed herein is illustrabve 
of one of the vanants now under active considerahon 
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Central - Azerbalran 

The Ksan~ - Azerbaijan 500 kV transmission l ~ n e  was evaluated In the model for the central to Azerbaijan 
Interconnection The Ksani - Azerbaijan 500 kV transmission llne is an existing l ~ n e  in wh~ch the 
conductor was stolen An estimated 20 krn of single circuit 500 kV conductor will need to be strung on 
the exlsting towers No station upgrades wtll be required The estimated cost of t h ~ s  project IS 

$2,595,600 (1998 U S dollars) The estimated ttme to complete the project utillz~ng s~ngle crews IS 1 
year Refer to the appendtx for the Engineer, Procurement, and Construction schedule 

Table 7 Transmission L~ne Summary 

The following assumptions regarding the cost estimates and schedules are summanzed below 

Transmrssron Lrnes 
The cost of acquiring nght-of-way for the line is not ~ncluded in the estimate 
The labor cost is adjusted to reflect terraln along the line route based on information furn~shed by 
sources familiar w ~ t h  the area 
Construct~on damages and nght-of-way cleanng are estimated based on information about the terrain 
and ~t is understood that few restdential areas will be crossed 
All foundations are assumed as concrete caisson foundations The type of soil along the route IS 

taken Into consideration for determining the installed cost of the concrete It will be necessary to 
provide pile foundations at some locatrons due to marshy areas Actual types of foundations to be 
Installed will depend on soil bonngs at each structure location 
The cost per cublc yard of concrete installed in place, including all labor for digging, pounng, 
backfilling, and transport~ng to site IS $500 per cublc yard 
All towers are assumed to be hot dipped galvanized lattice steel towers 
All insulators are ceramic suspension 5 ?4 "x 10" of 15,000 Ib and 25,000 Ib strength 
The area of ground wtre is assumed to be larger than 70 square millimeters 
Two bundle conductors for 220 kV are assumed for each phase 
Four bundle conductors for 500 kV are assumed for each phase 
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Substatzons 
Substahons are air msulated 
Cost of site development (statlon site and access road) for new stahons, as well as expansion of the 
existmg stabons, IS not Included In the estimate 
No spare equipment IS Included in the cost of the project 

The forecast of capital expenditures for all projects, Including the exishng clrcuits which need 
reconstruction, are listed in Table 8 The bme spans shown represent the earliest possible completion 
The schedule for the actual completion of these projects was not determined in this study m l e  the early 
completion of each of the projects would be beneficial to the operation of the power system, the actual 
construction schedules will have to be developed after considerahon of a broad range of issues A 
number of Issues lncludlng budgetary constraints, the timmg of completion of generahon projects, and the 
initiahon dates for internat~onal power trading arrangements wll  need to be taken Into account 

Table 8 Capltal Expenditures Requirements for Major Transrmsslon Projects 
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Zestaphonl - Central 500 kV 
Zestaphonl - Chlatura - Khashurl Double 
220 kV 
Gardaban1 - Central 500 kV 
Jlnvall - Telavl 220 kV 
Akhalts~he - Turkey 500 kV 
Reconstruct Ksanl - Azerba~jan 500 kV 
Reconstruct Menjl - Tskaltubo Double 220 
kV 
Reconstruct Zestaphonl - Kutals1220 kV 
Reconstruct Zestaphonl - Khashurl 220 kV 

$1,194 
$9,890 

$7,032 
$1,140 
$5,410 
$1,350 

$466 

$1 55 
$388 

$9,938 
$25,715 

$29,253 
$4,741 

$22,506 
$1,404 

$484 

$161 
$404 

$1,292 
$16,046 

$30,423 
$6,163 

$23,406 
$0 
$0 

$0 
$0 

$0 
$0 

$7,910 
$0 

$6,086 
$0 
$0 

$0 
$0 

$12,424 
$51,652 

$74,618 
$12,043 
$57,408 
$2,753 

$950 

$31 6 
$792 
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7 5 Results of IP  Model 

The results obtained from the integrated planning model are based on Input data collected and submitted 
by all of the worlung groups to charactenze the technical and financial matters associated with the 
conception and evaluation of the least cost plan In order to validate how the plan will work in the future, 
from a technical perspective, ~t is necessary to simulate the performance of the system through traditional 
transm~ssion planning methods as descnbed in section 6 The traditional transmission planning studles 
are used to slmulate the operation of the key generation and transmission facilities included in the least 
cost development plan This provldes technical insight regarding how the system will perform as 
proposed by the least cost plan 

To demonstrate this approach, a power flow model was assembled to reflect projected future conditlons 
Thls provlded a foundation for validating the least cost plan by traditional transmission planning methods 
The studies were ~ntended to provlde assurance that the plan IS technically feaslble and will meet the 
system plannlng goals of developing an adequate and reliable power system Furthermore, the results of 
the trt~ditional planning studies can be used to refine the Integrated planning model This refinement will 
provtde assurance that a future development plan can be produced that will minimize capital expenditures 
and operations and maintenance expenses, while producing a plan of development that 1s robust, flexible, 
and provides for reliable system operation m the near and long term 

In view of the fact that power system planning is a continuous process, it is anticipated that the refinement 
of the integrated planning model will requlre the further validation of the results produced through 
conventional transmission plannlng methods The work undertaken in this project provlded a 
demonstration of how the complete plannlng cycle could be accomplished in view of the simplified 
representation of the system inherent in the development of the IPM model 

7 6 Power System Simulat~on Results 

Large-scale transmission systems are evaluated through the use of computer models that simulate the 
performance of the system Such models, commonly known as load flow or power flow models can be 
used to analyze and understand the behavior of the transmission system for present and future condit~ons 
The load flow model used for this study was based on forecasts of generation resources, area loads, power 
and energy Imports and exports, and plans for the development of the transmission system The load flow 
model was used ta analyze the steady-state behavior of the power system In addlhon to the load flow 
model the power system behavior is also analyzed through computer models that simulate system 
dynamlc behavior and other phenomena expenenced dunng the course of system operations The load 
flow model included a complete description of the physical system as represented by the following 

Electrical charactenstics of transmiss~on lines 
Electrical charactenstics of transformers 
Actlve and reactive capabil~ty of generation resources, including voltage control schedules 
Active and reactlve loads at network busses 
Shunt connected reactlve power control equipment 
Power interchange schedules 
Generation dispatch schedules 
Ratings of transm~ssion circuits 

In traditional transmission planning studies, the behavior of the power system 1s analyzed by simulating 
the performance of the system for conditions specified by the planning engineer The transmission 
planner will select cases that represent the full range of conditlons that may be observed in daily 
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operabons of the power system Each case, representmg a snapshot of the state of the power system 
under the specified condibons, provides informabon and intelligence that can be used by the analyst to 
assess the performance of the system 

The results of the power flow calculabons include the achve and reachve power flow on all network 
elements, actrve and reachve power output of all generators, power interchange among interconnected 
systems, magnitude of bus voltages, and the relabve angle of such voltages mth respect to a reference 
The calculated results are compared to the established plannlng cntena, such as under or over voltage 
limits and the thermal capability of transmission circuits to determine whether system performance is 
acceptable or unacceptable for the condibons tested If the results are judged to be unacceptable, the 
planning engmeer will develop and analyze altemabve soluhons to cost effectively solve the anticipated 
operatmg problem The bme needed to analyze altemahves to remedy the problem will depend in part on 
the complexity of the problem and the alternahve solutrons ava~lable 

Two base cases were developed to model the IPM results The first 2005 base case consisted of the 
existlng system configuration wth  increased load and generation as forecasted by the load modeling 
group No power transfers to neighboring countries were modeled The followmg highlights attnbutes of 
the 2005 winter peak base case 

Existing generahon and transmission topology 
2,112 MW of total generabon 
1,s 12 MW of mternal load 

The second 2005 case is the same as the first However, the Zestaphoni - Akhaltsihe - Gardabani 500 kV 
line and the new interconnection to Turkey were modeled Additionally, a 300 MW power transfer was 
modeled from Azerbaijan to Turkey (wa Georga) The following summarizes other attnbutes of th~s  
case, including other transmission lines modeled m tlus case 

Menji - Tskaltubo 220 kV double circuit transmission lme m-service 
Zestaphoni - Akhaltslhe 500 kV transmssion line in-servlce 
Akhaltsihe - Gardabani 500 kV transmission line in-service 
Akhaltsihe - Turkey 400 kV interconnecbon in-semce 
Akhaltsihe 5001400 kV substahon 
2 1 12 MW of total generation 
1 8 12 MW of internal load 
200 MW transfer f?om Azerbaijan to Turkey (ma Georga) 
100 MW transfer from Georga to Turkey (vla Georga) 

Both of the above cases were solved wthout any abnormal voltages and circuit overloads Further details 
about the power flow models are provided in Volume 2 Append~x 7 

Fmal Report 

Volume 1 Chapter 7 Page 17 September 1998 



Georg~a Electricitv Sector Least Cost Develo~ment Plan 

7 7 Study Recommendat~ons and Conclusions 

There are at least 12 major transmiss~on projects that should be included in the system improvement and 
expansion plan for 2001 to 2010 These Include the follomng projects 

The pnonty of repalr or completion for the above circuits have been determined in part by the use of the 
Integrated planning model developed dunng the course of this project In addttion to the prompt 
rebuilding of the Menjl-Tskaltubo 220 kV and Zestaphoni-Kutaisi 220 kV lines, the completion of the 
constructron of the Zestaphoni - Gardabani (via Akhaltsihe) 500 kV transmiss~on ltne were determrned to 
be the h~ghest prlonty 

Enguri - Sukhumi - Russta 500 kV 
Enguri Menji Double 220 kV 
Enguri - Zestaphonl 500 kV 
Zestaphoni - Central 500 kV 
Zestaphoni - Chiatura - Khashun Double 220 kV 
Gardabani - Central 500 kV 
Jlnvali - 'lelavi 220 kV 
Akhaltslhe - Turkey 500 kV 
Reconstruct Ksani - Azerbaijan 500 kV 
Reconstruct Menji - Tskaltubo Double 220 kV 
Reconstruct Zestaphonl - Kutaisl 220 kV 
Reconstruct Zestaphont - Khashun 220 kV 

Further Integration and interconnection of Georgia's power system to its netghbors including Azerbaijan, 
Russia, Armenla, and Turkey can result m the creabon of an integrated power system that would be 
beneficial to all of the natlonal systems There are significant economic and technical benefits to be 
derived in the creation of large interconnected power systems One of the first steps toward this end will 
require the rehabilitation and strengthening of the existing transmiss~on facillbes in the Georglan system 
The rebullding and modernization of the control, communications, and dispatch infrastructure m11 also be 
an essential step for further Integrating the Georgian system with its neighbors 

$87,833 
$45,547 
$79,520 
$1 2,424 
$5 1,652 
$74,6 18 
$12,043 
$57,408 

$2,753 
$950 
$316 
$792 

This project Included a transmission system reliability evaluation of the proposed least cost development 
plan for the major generation and transmission facilities in the Georglan electnc power system The 
proposed Improvements were found to be technically feasible and to represent an economical plan for 
medium and long term system development 
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Chapter  8 - I P M  Model~ng Results 

8 1 Configurat~on of the Model 

Two of the key tasks of the study were to develop a computer model of the electnc power system of 
Georgia and to perform multl-scenano simulations of the future development of the system After 
consultation with the groups worlung on transmission, energy demand, hydro, renewable, and thermal 
generahon, the key modelmg parameters were determined as follows 

The hme honzon would be 1998 - 20 15, wth  a run-out year 2020 
The country was divlded into five regrons North, South, East, West, and Central for the purpose 
of dlfferenhahng between regronal demand and generahon patterns 
Border transmission nodes wth  neighbonng countries were included m the model to evaluate the 
needs for transmission links required for international power trading 
Interregional and international transmission connechons were represented wth  a total of 48 
existing and potenbal transmission links 
Because hydropower is the predominant generation technology in Georgia, it was decided to 
model all of the exishng and potenhal hydro power plants of 10 MW or above as individual plants 
A total of 5 1 exisbng, rehabilitahon, and potenhal hydro projects were simulated in the model 

0 17 exishng and potential thermal generating units were explicitly modeled, and a 100 MW wnd 
power plant was also included in the generahon ophons 
The model years were divlded into 4 seasons to account for seasonal differences in hydropower 
availability and electricity demand patterns 

The discount rate used in the model was determined based on d~scussions with experts from the 
Georgian government and the World Bank The discount rate assurnphons in the model projected that 
the rate will decrease linearly from 15% to 10% between the years 2000 and 2010, and after 2010 it 
will stabilize at a level of 10% 

8 2 Modehng Scenar~os 

The model runs were performed for the fol lomg four scenanos 
Base Scenario, represented by moderate demand growth, and an economic structure similar to the 
one expenenced in the past 
High Growth Scenario, represented by relahvely high growth of energy demand and an economy 
wth  significant structural changes 
International Energy Transfer Scenario, similar to the Base Scenano, but w th  an addition of 
two 200 MW energy transfer contracts whch are expected to be in place d u n g  the enhre hme 
honzon, one between Russia and Turkey and a second between Azerbaijan and Turkey 
Power Trad~ng Scenario, based on the Base Scenano, wth  the addition of four potential power 
purchase and sales options, lnvolvlng Azerbaijan, Russla, and Turkey 

The Base and Hlgh Growth Scenano energy demand forecasts are presented in Fig 8- 1, and Fig 8-2 
The corresponding peak load values are listed in Table 8- 1 and Table 8-2 
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F~gure 8-1 Base Scenar~o Electrlc~ty Consumpt~on (GWh) 

1998 2000 2005 2010 201 5 2020 

Years 

South 
UBl West 
El Center 

Table 8- 1 Base Scenario Peak Loads [MWI 
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F~gure 8-2 Hlgh Growth Scenar~o Electr~c~ty Consurnpt~on 
(GWh) 

0 
1998 2000 2005 2010 2015 2020 

Years 

Table 8-2 H~gh  Growth Scenario Peak Loads [MW] 

El North 
South 
West 

El Center 
El East 

2000 2005 2010 2015 2020 
Eastern 727 801 967 1296 1598 2102 
Central 177 186 211 269 324 436 
Western 307 362 387 509 627 805 
Southern 187 197 228 300 361 499 
Northern 77 96 129 180 223 3 12 

8 3 Base Scenario Results 

In the Base Scenano the reserve margn levels cont~nuously exceed the required 20% level As 
presented below, the reserve margin capacity increases from 2 3 GW m 2000 to 3 0 GW m 20 10 

Table 8-3 Base Scenario Reserve Margin Capacity 

Years 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 
Reserve Margln Capacity [MWl 2279 2261 2471 2431 2439 2561 2671 2771 2763 2896 3046 
System Resenre Margln [ % I  25 21 29 23 21 29 29 28 22 23 28 

The model results mdicated that the Georglan electnc power system's generation needs are determined 
predonunantly by avdable energy requirements rather than by the reserve margin capacity 
considerations At the beglmng of the time honzon, some mnor dfficulties m meetlng energy 
demand are forecast as shown m the table below 
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Table 8-4 Base Scenar~o Energy Demand 

Y e a r s  2000 2001  2002 2003 2004 2005 2006 2007 2008 2009 2010 
P r o j e c t e d  Demand [QWhl 8824 9061  9298 9534 9771  10008  10477 10947 11416 11886 12355 
Ene rgy  Not S e r v e d  [OWhl 0 219 159  0 0 0 0 0 0 0 0 

The optimal plan for the Base Scenario favors generation from rehabilitated hydro capaclty exlstlng 
conventional steam cycle un~ts  and gradually introducing combine cycle technology No coal and no 
renewable (wind) technology are Included In the optimal plan The only simple cycle gas turb~ne 
generatlon selected by the model run IS from the gas turbine plant currently under construction at 
Baturn1 

Table 8-5 Base Scenar~o Capaclty by Plant Type 

C a p a c i t y  [MW] 2000 2001  2002 2003 2004 2005 2006 2007 2008 2009 2010 
Coa l  0 0 0 0 0 0 0 0 0 0 0 
O i l / Q a s  S t eam 780 780 780 600 600 600 600 600 600 600 600 
Hydro 1730 1730  2042 2042 2187 2422 2422 2422 2484 2526 2526 
Combined C y c l e  0 0 0 1 1 0  110  1 1 0  220 320 320 320 470 
Gas T u r b i n e  45  4 5  4 5 4 5  45  4 5  4 5  4 5 4 5  45  45  
Renewable  0 0 0 0 0 0 0 0 0 0 0 
CHP S team C y c l e  1 8  1 8  1 8  1 8  1 8  1 8  1 8  1 8  1 8  1 8  1 8  
T o t a l  2573 2573 2885 2815 2960 3195 3305 3405 3467 3509 3659 

In generatlon, the share of hydropower increases from 64% m 2000 to approximately 73% In 2005, 
and then declines sl~ghtly to 68% m 2010 The bulk of the rematnlng demand 1s met by the ex~sting 
slmple cycle steam un~ts  and the new comb~ned cycle units 

Table 8-6 Base Scenar~o Generation by Technology Type 

Q e n e r a t i o n [ Q W h l  2000 2001  2002 2003 2004 2005 2006 2007 2008 2009 2010 
Coa l  0 0 0 0 0 0 0 0 0 0 0 
O i l / Q a s S t e a m  323.0 3175 2688 2224 2146 2222 2145 2025  2115 2110 1857  
Hydro 5859 5859 6810 6927 7553 7773 7930 8069 8355  8825 8865 
Combined C y c l e  0 0 0 843 589 510 1032  1 5 2 2  1529  1526  2316 
Gas T u r b i n e  52  1 1 8  1 1 8  24 49 1 1 8  7 0 8 5  1 1 8  0 
Renewable  0 0 0 0 0 0 0 0 0 0 0 
CHP S team C y c l e  73  4 4 4 4 4 4 44 4 4 4 4 22 44 44 63 
T o t a l  9195 9197 9660 1006 1 0 3 8 1  10667 11159 11639 12128  12623 1 3 1 0 1  

Capac~ty factor values presented below confirm that the available hydro capacity is d~spatched to the 
maximum Capacity factors of the comb~ned cycle units, at the level of approximately 60%, Indicate 
that there are perlods of time when these unlts are not fully util~zed 

Table 8-7 Base Case Capac~ty Factors 

C a p a c i t y F a c t o r % 2 0 0 0  2 0 0 1  2002 2003 2004 2005 2006 2007 2008 2009 2010 
Coa l  0 0 0 0 0 0 0 0 0 0 0 
O i l / Q a s  S t eam 47 0 46 5 39 3 42 3 40  8 42 3 40  8 38 5 40  2 40  1 3 5  3 
Hydro 38 7 38 7 38 1 38 7 39 4 36 6 37 4 38 0 38  4 39  9 40  1 
Combined C y c l e  0 0 0 87 5 6 1  1 5 3  0 5 3  6 54  3 54  5 54  4 56 3 
Gas T u r b i n e  1 3 3  2 9 8  2 9 8  6 1  1 2 4  2 9 8  1 9  0 0  2 1 5  2 9 8  0 
Renewable  0 0 0 0 0 0 0 0 0 0 0 
CHP S team C y c l e  46 2 28 1 28 1 28 1 28 1 28 1 28 1 1 4  1 2 8  1 28 1 40 2 

Ave rage  40  8 40  8 38 2 40  8 40  0 38  1 38  5 39 0 39 9 4 1  1 40 9 

Thc major find~ngs of the study regarding the pnonty for cornmiss~oning speclfic plant rehabilitations 
and new projects are presented in the following table The recommended power plant projects Include 
mostly inexpensive hydro rehabllitat~on projects and new comblned cycle units In additlon to the 
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rehabilitabon of the largest hydro plants, all of the smaller hydro rehabilitabon projects are selected for 
implementation The largest projects are scheduled for the first five years of the time honzon, and 
most of the smaller projects are scheduled for the years after 2005 The only new hydro project 
included in the modeling results is the Khudoni plant However, the results are not totally conclusive 
concerning the proper commissioning date for this plant, since only a very small portion of its total 
capacity (12 MW) could be effechvely utilized before the year 2010, and the full capacity of the plant 
will not be needed unbl after 2020 

Table 8-8 Power Plant Constructlon/Rehabfitat~on Schedule 

Power Plant 2000 2005 2010 Total 
2000-2020 

Engurl Rehab 0 1040 0 1040 

Gardaban~ 400cc 0 0 15 0 774 
Khudonl 1 0 0 12 365 

Gardabani 320cc 0 110 210 320 

Engurl Rehab 1 0 260 0 260 

Vardnll~ 1 Reh 0 2 16 0 216 

Vartslkhe 1-4r 0 0 184 184 

Jinvali Rehab 0 13 0 0 130 

Khraml 1 Rehab 0 113 0 113 

La3 anurl Rehab 0 112 0 112 

Khrami 2 Rehab 0 110 0 110 

Tkibull Rehab 0 0 80 8 0 

Rioni Rehab 0 0 4 9 4 9 

Batuml Gtu 4 5 0 0 45 

Gumat1 1 Rehab 0 0 44 44 

Zahesz Rehab 0 0 4 4 44 

Vardnilx 2-4 R 0 11 2 9 4 0 
Shaori Rehab 0 0 3 8 3 8 

Gumati 2 Rehab 0 0 2 3 2 3 

Ortachala Reha 0 0 18 18 

Atzhesi Rehab 0 0 12 12 

Total 4 5 2102 8 9 3 4017 

The model results do not indicate any need for an Increase in transrmssion capabilities between the 
regions However, the model's evaluation is based solely on interregonal energy transfer 
considerabons It needs to be emphasized that there are other significant determ~nants for the 
decisions regarding transmission llne improvements and expansions, which were not considered in the 
IPM model simulabons 

8 4 H ~ g h  Growth Scenano 

As was the case in the Base Scenano, the reserve margn levels In the High Growth Scenano will 
consistently exceed the assumed 20% minimum requu-ement This Indicates that the energy demand 
determines the necessary plant upgrades and new capacity add~bons, and not the reserve margn 
requirements 
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Table 8-9 Reserve Margin In Base Scenar~o Versus Hlgh Growth Scenar~o 

Capacity Reserve Margin 2000 2005 2010 
BASE HIGH GR BASE HIGH QR BASE HIGH GR 

Reserve Margin Capacity [MWI 2279 00 2279 00 2561 00 2430 00 3046 00 3160 00 
Elystem Reserve Margin [%I 25 66 37 06 29 71 26 58 28 70 23 25 
Projected Demand [Whl 8195 00 8824 00 12355 00 10129 00 10008 00 13517 00 

As shown in the follow~ng table, there are no significant dlfferences ln the capaclty type mix between 
the Base and High Growth scenanos Only at the end of the planning horizon will combined cycle 
technology begin to gain a slightly higher share of the total capacity 

Table 8-10 Capacity by Plant Type In Base Scenarlo Versus H ~ g h  Growth Scenar~o 

Capacity by Plant Type [MWI 2000 2005 2010 
BASE HIGH OR BASE HIGH aR BASE HIGH aR 

Coal 0 0 0 0 0 0 
011/0as Steam 780 780 600 600 600 600 
Hydro 1730 1730 2422 2267 2526 2513 
Combined Cycle 0 0 110 14 0 470 596 
Gas Turbine 45 45 45 4 5 45 4 5 
Renewable 0 0 0 0 0 0 
CHP Steam Cycle 18 18 18 18 18 18 

Total 2573 2573 3195 3071 3659 3772 

The shares of different technology types in terms of total generation are also similar in both scenanos, 
which IS Illustrated below Hydro plants wlll continue to domlnate power product~on 

Table 8-1 1 Generation by Plant Type In Base Scenar~o Versus H ~ g h  Growth Scenario 

Generation by Plant Type [GWhl 2000 2005 2010 
BASE HIGH QR BASE HIGH GR BASE HIGH GR 

Coal 0 0 0 0 0 0 
Oil/Gas Steam 3210 2640 2222 2205 1857 2004 
Hydro 5859 5859 7773 7717 8865 8825 
Combined Cycle 0 0 510 658 2316 3306 
Gas Turbine 52 0 118 118 0 4 
Renewable 0 0 0 0 0 0 
CHP Steam Cycle 7 3 7 3 4 4 44 6 3 44 
CHP Combined C 0 0 0 0 0 0 

Total 9195 8572 10667 10741 13101 14182 

The new construction and rehabilitation project schedules are very similar in both scenarios The only 
dlfferences occur in the commissioning of the Vardanili hydro plant and the addiaon of some 
combined cycle capaclty in the Western region between 2006 and 2010 From a year-by-year analysis 
of the Base Scenano, Vardan~li comes on line m that scenano in 2005, so although thls addition shows 
it In a d~fferent 5 year interval, the shift IS relatively ins~gnlficant 
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Table 8-12 Power Plant Construction Schedules - Base Case Versus B g h  Growth Scenario 

As in the Base Scenano, in the High Growth Scenano no need for expansion of transmission 
capabilihes were detected unhl20 10 

8 5 Internabonal Energy Transfer Scenarlo 

Year 
Power Plant 
Enguri Rehab 
Gardabani 400 CC 
Khudonl 1 
Gardabani 320 CC 
Enguri Rehab 1 
Vardnili 1 Rehab 
Vartsikhe 1-4r 
Jlnval~ Rehab 
Khrarm 1 Rehab 
Lajanuri Rehab 
Khram 2 Rehab 
Tlubuli Rehab 
Ron1 Rehab 
Baturm GTU 
Gumati 1 Rehab 
Zahesi Rehab 
Vardnili 2-4 R 
Shaorl Rehab 
Gumati 2 Rehab 
Ortachala Rehab 
Atzhesi Rehab 
CC 400 West 
Total 

The addihon, the two energy transfer arrangements from Russia and Azerbajian to Turkey require an 
enhancement of transmission capabilihes between Azerbaijan and the Center region by 220 MW 
(Mukhrani, 500 kV line), as well as the construction of a new 420 MW - 500 kV line between the 
Center region and Turkey as illustrated m Table 8-13 The model results indicate that it is more 
efficient to build the new direct transmission line to the Center region, rather than build an addit~onal 
line between the East and Center regons 

Base Case 
0 

150 
12 

210 
0 
0 

184 
0 
0 
0 
0 

80 
49 

0 
44 
44 
29 
38 
23 
18 
12 
0 

893 
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2010 
High Growth 

0 
150 

0 
190 

0 
216 
184 

0 
0 
0 
0 

80 
49 
0 

44 
44 
40 
38 
23 
18 
12 

115 
1203 

Base Case 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

45 
0 
0 
0 
0 
0 
0 
0 
0 

45 

2000 
High Growth 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

45 
0 
0 
0 
0 
0 
0 
0 
0 

45 

Base Case 
1040 

0 
0 

110 
260 
21 6 

0 
130 
113 
112 
110 

0 
0 
0 
0 
0 

11 
0 
0 
0 
0 
0 

2102 

2005 
High Growth 

1040 
0 
0 

130 
260 

0 
0 

130 
113 
112 
110 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

11 
1906 
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Table 8-13 Transmission Bullds In International Energy Transfer Scenario 

Source Destlnatzon MW B u l l t  
Link # Region Reglon 2000 2005 2010 2015 

2 6 WEST CENTRAL 0 0 0 0 0 0 0 0 
2 7 CENTRAL WEST 0 0 0 0 0 0 0 0 
2 8 RUSSIA NORTH 0 0 0 0 0 0 0 0 
2 9 AZERBJ CENTRAL 220 0 0 0 0 0 0 0 
3 0 WEST NORTH 0 0 0 0 0 0 0 0 
31 NORTH WEST 0 0 0 0 0 0 0 0 
32 CENTRAL TURKEY 417 4 1 7  0 8 0 5 
3 3 CENTRAL EAST 0 0 0 0 0 0 0 0 
34 EAST CENTRAL 0 0 0 0 0 0 0 0 
3 5 SOUTH WEST 0 0 0 0 0 0 0 0 
3 6 WEST SOUTH 0 0 0 0 0 0 0 0 
37 SOUTH NORTH 0 0 0 0 0 0 0 0 
3 8 NORTH SOUTH 0 0 0 0 0 0 0 0 
3 9 CENTRAL EAST 0 0 0 0 0 0 0 0 
40 EAST CENTRAL 0 0 0 0 0 0 0 0 
41 WEST CENTRAL 0 0 0 0 0 0 0 0 
4 2 CENTRAL WEST 0 0 0 0 0 0 0 0 

" 

8 6 Power Trad~ng Scenar~o 

The Power Tradlng Scenano Includes four potential power sales/purchase contracts for the following 
hypothetical prices 

Table 8-14 Power Sales/Purchase Opt~ons in Power Trading Scenarlo 

Power PurchaseISales Option Prlce mills/kWh 
Purchase from Russia (Base load) 18 0 
Purchase from Azerba~jan (Base load) 20 5 
Sales to Azerbaijan (Peak load) 42 5 
Sales to Turkey (All day) 22 0 

Thc only major tnvestment in transmission links resul'nng From this scenarlo is a 410 MW add~tion of 
a transmission line between Azerbaijan and the Center Reg~on The other improvements to the 
transmtss~on system have already been recommended based on requirements for improving the 
stab~lity of the existing system These improvements are all shown In the table below 
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Table 8-15 Transrmss~on Power Tradlng Scenarlo 

Source Destznation MW Bualt 
Lznk # Regaon Regzon 2000 2005 2010 

2 8 WEST CENTRAL 0 0 0 0 0 0 
2 9 CENTRAL WEST 0 0 0 0 0 0 
3 0 NORTH RUSSIA 0 0 0 0 0 0 
3 1 RUSSIA NORTH 0 0 0 0 0 0 
3 2 CENTRAL AZERBJ 410 9 0 0 0 0 
33 AZERB J CENTRAL 410 9 0 0 0 0 
34 WEST NORTH 0 0 0 0 0 0 
35 NORTH WEST 0 0 0 0 0 0 
3 6 CENTRAL TURKEY 0 0 0 0 0 0 
37 CENTRAL EAST 0 0 0 0 0 0 
3 8 EAST CENT- 0 0 0 0 0 0 
3 9 SOUTH WEST 0 0 0 0  2 5 7  
40 WEST SOUTH 0 0 0 0  2 5 7  
4 1 SOUTH NORTH 0 0  4 5 8  4 1 8  
42 NORTH SOUTH 0 0  4 5 8  4 1 8  
4 3 CENTRAL EAST 0 0 0 0 0 0 
44 EAST CENTRAL 0 0 0 0 0 0 
45 WEST CENTRAL 0 0 0 0 0 0 
46 CENTRAL WEST 0 0 0 0 0 0 

The impact of the power trades on capacity mut is moderate The overall capacity needs of the 
Georgian power system are reduced by approxrmately 150 MW in 2005 and 100 MW in 2010, 
compared wth  the Base Scenano The capacity mix under t h s  scenano is shown below 

Table 8-16 Capac~ty by Plant Type m Base Scenar~o Versus Power Tradlng Scenario 

Capaczty by Plant Type [MW] 2000 2005 2010 
BASE POWER TR BASE POWER TR BASE POWER TR 

Coal 0 0 0 0 0 0 
O11/Gas Steam 780 780 600 600 600 600 
Hydro 1730 1730 2422 2295 2526 2473 
Combzned Cycle 0 0 110 0 470 290 
Gas Turbine 4 5 45 45 45 4 5 4 5 
Renewable 0 0 0 100 0 100 
CHP Steam Cycle 18 18 18 18 18 18 
Total 2573 2573 3195 3058 3659 3 527 

The sensitivrty case results indrcate significant economic impacts on the system due to initiation of the 
power sales/purchase opbons All of the allowed potenhal power purchase and sales arrangements are 
exercrsed in the optimal solulon, as Indicated in the table below These results indicate a high 
potential for Georga to become involved in mula-country energy trade Tlus model run was based on 
a number of assurnplons which must be venfied before definite conclusions can be determrned 
However, these largely hypothetrcal results mdrcate that the economic benefits of internabonal energy 
trading may reach tens of rmll~ons of dollars annually 
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Table 8-17 Power PurchascfSales Volumes In Power Trad~ng Scenar~o 

International Power Purchases/Sales Capacity Energy Value WINTER SPRING SUMMER FALL 

Year Power Trading Option [MWI [QWhl [$I  [QWhl [GWhl [GWhl [GWhl 

2000 RUSSIA-GEORGIA Purchase 167 290 $5 220 000 290 0 0 0 

AZERBAIJAN-GEORGIA Purchase 117 272 $4 896 000 260 0 0 11 

Total Purchases 284 562 $10 116 000 551 0 0 11 

GEORGIA-TURKEY Sales 61 261 $4 698 000 0 179 82 0 

GEORGIA-AZERBAIJAN Sales 710 687 $12 366 000 98 297 152 141 

Total Sales 772 948 $17 064 000 98 476 234 141 

Net Sales 488 386 $6 948 000 453 476 234 130 

2005 RUSSIA-GEORQIA Purchaee 167 266 $4 788 000 266 0 0 0 

AZERBAIJAN-GEORGIA Purchase 463 1426 $25 668 000 1056 0 0 370 

Tatal Purchases 629 1691 $30 456 000 1321 0 0 370 

GEORGIA- TURXEY Sales 203 891 $16 038 000 0 593 297 2 

GEORGIA-AZERBAIJAN Sales 710 468 $8 424 000 52 169 134 113 

Total Sale# 913 1359 $24 462 000 5 2 762 430 115 

Net Sales 284 -332 $5 994 000 1269 762 430 255 

2010 RUSSIA-GEORGIA Purchase 194 478 $8 604 000 478 0 0 0 

MERBAIJAN-GEORGIA Purchase 463 1079 $19 422 000 865 0 0 214 

Total Purchases 656 1558 $28 026 000 1343 0 0 214 

GEORGIA-TURKEY Sales 203 856 $15 408 000 0 593 263 0 

GEORGIA-AZERBAIJAN Sales 710 384 $6 912 000 7 4 127 94 90 

Total Sale8 913 1240 $43 434 000 74 720 357 90 

Net Sales 257 -318 $15 408 000 -1269 720 357 -124 

More study is needed In assessing the commercial potential for initiating multi-country power tradlng 
In Georgia The preliminary results of this study indicate that the development of the electricity 
tradlng market could lead to simultaneous reductions in the capital investments needed for supplying 
reliable electric power In Georg~a, and profits from favorable tradlng arrangements 
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Chapter 9 - Investment Plan 

9 1 Development of the Investment Plan 

The IPM optimization modeling provided results of capacity and investments requirements for five hme 
i n t e ~ a l s  1998-2000, 200 1-2005, 2006-20 10, 20 1 1-201 5, and 20 15-2020 Optimizing for these three to five 
year penods, instead of on a yearly basis, allowed for the considerat~on of more options and for a clearer 
definition of the ophmurn long term solutions for the power system's development However, this multi-year 
optimization approach does not provide the sort of results that are needed to develop annual plans for 
commissioning new plants and transmission projects Further, it does not provide results that can be 
interpreted in terms of annual capital expenditure requirements This is because the IPM model is based on a 
linear pogramming methodology which operates on the assumption that generating units and transmission 
lines can be commissioned gradually While this "continuous solution" approach provides accurate 
projections for long term optimization programs, it does not provide results in terms of discrete start-up dates 
for generating units and transmission lines A subsequent simulation analysis using iterative IPM model runs 
is needed for this purpose 

Once an optimum solution or set of alternative solutions has been identified, the IPM model can be reapplied 
based on a year by year analysis to provlde output in terms of annual capacity additions These results can 
then be used to develop annual capacity expansion plans and capital investment forecasts This technique was 
used to develop an annual investment plan on the basis of the optimized Base Case model run discussed in 
Chapter 8 A senes of year by year model runs were performed using input denved from the multi-year 
optimization results However, the model was constrained to require that spec~fic transmission projects and 
generating plants, or major portions of generahng plants, be commissioned in specific years The 
commissioning dates for the larger plants were established by aggregating the gradual commissioning 
sequences from the onginal optimized results into single mid-span years The IPM model usually selected 
smaller plants for installation in a single year The IPM model was then used to venfy that the adjusted 
results conformed to the onginal ophmized model results Iterative IPM model runs were required to develop 
a set of plant commissioning dates that closely reflected the optimizahon results in terms of life cycle NPV 
cost 

The annual commissioning schedules were then used to determine the annual capital expenditures that will be 
needed to meet the required start-up dates This was done by entenng the annual construction costs for 
specific plants and transmission facilities into a spreadsheet, and tallying the results on a year by year basis 

9 2 Proposed Commlss~onlng Schedules and Investment Requirements 

An annual commissioning schedule was prepared through the year 2015 for the Base Case This time span 
was necessary to take into account the substantial levels of capital expenditures that must be made dunng the 
design and construction penods that precede the actual commissioning of major power projects 

Table 9 1 below shows the proposed 2001 to 2015 commissioning schedule for major generating and 
transmission facilities Table 9 2 shows the annual investment requirements for the years 2001 to 2010 

Flnal Report 
Volume 1 Chapter 9 Page 1 September 1998 



Georg~a ElectnclQ Sector Least Cost Debelopment Plan 

F~nal  Report 
DFL 

Volume 1 Chapter 9 Page 2 September 1998 



P EL6 

Z 88 
S PL 
E Z I  
P 0 
0 I 

0 S8Z 
0 66 
0 9EI 

Z OS9 
Z 6 
8 91 
0 Z I  
P L I  
8 L8Z 
I 9 1  
L L I  
P IZ 
Z I Z  
Z 91 
P P I  
8 ZZ 
8 SZ 
E PS 
L S 
6 16 

IslOJ, 
OIOZ 

u e ~ d  juau~lsaau~ Z 6 a1cle.L 

P P68 
9 LZI 

0 

0 OZ 
0 OZ 

9 LOT 
9 P 

0 9 

P98 

9 01 

- 

8002 

P EL6 
0 0 

0 

0 0 

0 0 

-- -- 

OTOZ 

P EL6 
0 6L 

0 

0 6L 
0 6L 

0 0 

6002 

8 99L 
1661 

0 

0 0 

I 661 
9 P 
P 8 
0 9 
L 8 
O S I I  
1 8  
6 8 
L 01 
9 01 

181 
- 

LOOZ 

L L9S 
E9LI 

0 

Z LZ 

Z LZ 

I 6 P I  

P 8 

L 8 
P98 
0 8 
8 8 
L 01 

181 

9002 
s.xalloa 

P 16E 
I 8 S  

0 

OOP 

OOP 

I 8 1  

181 

SOOZ 
g n uoq~r&u 

E E 
S LZ 

6 L  
6 L 

9 L  

9 L  

0 Z I  

6 Z 
1 6  

POOZ 
- OIOZ 

8 SO£ 
P IS 

9 I £  
P OE 
Z I 

0 0 

8 61 

Z L 
8 9 

8 2 
0 E 

£00Z 
- IOOZ 

aa1jelnrun3 
suolllppv l e l o .~  

SUOlllPPV Iel0.L 
AY 005 1ueqePJef) 1equa3 

A? 00s pmua3 ruoyde~saz 
~q ozz rsrapg-ruoqdqsaz 

ozz Oqnll"S6 rCuam 

suoll1PPV lel0,L 
33 OOP Iu'-?qVPJe!l 
33 OZE rueqePJe9 

suo1lIPPV 1elo.L 
EL-eqaa IsayQV 
9eYaa IJovW 

9 v a  EIEY =vuo 
q e y a ~  z 1lomn9 

qeya2l P Z IlITJeA 
9VQI 'SaPZ 
qEYalI IuoM 

qeqaa I meurn9 
'PYaa 11"9')tI_. 

9 V X  Z 1mV-Y 
9eyalI I 1meJl.m 

qqaa  I ~ ~ U I Z  

qeyaa nnuereq 
9WQ.i p I aWIsPeA 

9WaX I I I V J E e h  

qeqa?J I J I I ~ U ~  

a d b ~  pua a m e ~  
uoURlS 

S u l ~ a ~ o d a ~  pug suorl~ppy 

P PSZ 
ZSPI 

868 
Z 62 
6 6 
Z 0 
5 0 

9LP 

9LP 

8 LS 

1 8  
Z L 
Z 6 

E EE 

ZOOZ 
sa~nlrpuadx3 

ura)sAg 

uorssnusue~~ 

1emJaq.L 

slueld O J ~ ~ H  

)ueld - ase3 aseg 

Z 601 
2601 

6 8  
0 L 
Z I 
Z 0 
5 0 

9 E I  

9 E I  

L 98 

I 8  

8 9 
E SZ 

S 9P 

I00Z 
le)1de3 



Georg~a Electr~c~ty Sector Least Cost Development Plan 

9 3 Summary of Investment Requirements 2001 to 2010 

The above tables show the annual increases In generating capacity through 20 15 and the corresponding annual 
~nvestments that will be needed for the years 2001 through 2010 to support those plant additions It should be 
noted that the capacity rehabilitations and additions shown in these tables are sllghtly higher than In the 
optimtzation model runs For Instance, 3028 MW is called for by the investment plan in 2010, Instead of the 
2995 MW called for by the IPM model 

The following table summartzes the Base Case investment needs for the technologies lnvolved 

The results of sensitivity cases were not analyzed in terms of concrete investment plans Many assumptions 
were made in the deslgn of those cases, whlch may or may not come about Thls 1s particularly true wlth 
regard to the establishment of lnternatlonal electncity trading agreements It was felt that predlctlng the dates 
of the initlation of various trading agreements was very speculative, and that any annual Investment plan 
based on such a high level of speculative ~nformat~on would contain more questions than answers However, 
thc sensitivity cases can be used to identlfy the potential Impact of events on the overall investment needs of 
the electnc power system 

Table 9 3 Total Cap~ta l  Investments 2001 - 2010 by Technology - Base Case 

Hrgh Economic Growth Scenano 

Technology 

Thermal Plants 
Hydro Plant Rehabil~tations 
Hydro Plant Add~tlons 
Hydro Plants Subtotal 
All Power Plants Subtotal 
Transm~ssion 
Total 

The sensltlvity study, based on the high economlc growth scenano, indicated little if any change would occur 
in terms of the need for new plants or transmission system improvements during the 2001 - 2010 period 
This is largely due to the assumption that if accelerated growth comes about, 1t will be on the basis of an 
economic structure that IS much less energy intensive than the Base Case scenario However, it should be 
noted that during the years following 2010, electncity demand under the high scenario is expected to grow 
much more rapldly than for the base scenano, and thls will bnng additional requirements for Investments in 
the electrlc system at that time No quantifiable impacts were identified for the investment plan as potentla1 
resulls of this scenano 
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Capacity Add~tions and 
Rehabll~tat~ons 
MW 

470 
1300 
783 

2513 
2983 

n/a 
2451 

C a p ~ t a l  Investments 

USD M ~ l l ~ o n s  
235 
d a  
n/a 
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88 
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Energy Transfer Scenano 

This scenano involved assessing the potentral impacts of energy transfers fiom Azerbijian and Russia to 
Turkey via the Georgian Transmission Gnd It was assumed under this case that there would be no power 
generated in Georgia for the Turkish market, and that Georgia would receive 10 percent of the energy 
transferred in return for providing the transmission service This scenano did not result in any significant 
change in the needs for power generation capacity, but it did result in the need to build additional 
transmission capacity Specifically, a new line w11 be needed between Akhaltsihe and Turkey at an estimated 
cost of $57 4 million In addition, the transmission line between Ksani the Central Region and Azerbijlan will 
have to be reinforced at a cost of approximately $2 8 mllllon 

Power Trading Scenano 

Under this scenano, it was assumed that Georgia would begin active trading of elechcity with Azerbijian, 
Russia, and Turkey Georgia was assumed to have agreements in place to buy bulk energy from Azerbijian 
and Russia, and to sell peak and bulk energy to Turkey and Azerbijian This arrangement required the 
construction of a two circuit 220 kV line between Engm and Menji at an estimated cost of $45 5 million, and 
the reinforcement of the lines between the Central Region and Azerbijian at a cost of $2 8 million 

There was also some impact on the optimum generating mix as a result of this scenano The installed 
generation requirements were reduced by 150 MW in 2005 and by 100 MW in 20 10 Since this resulted in a 
reduction in combined cycle capacity, a savlngs on the order of $75 million may be realized in or around 
2005 In addition, the 100 MW wind power generation plant displaced 100 MW of combined cycle capacity 
This w l l  require an additional capital investment of approximately $50 million Therefore, a net reduction in 
capital investment of roughly $25 million is expected in the 2003-2005 penod 
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Chapter 10 - Conclusions and Recommendations 

10 1 Electr~c~ty Demand 

The Georgian economy is in a state of recovery GDP is expected to grow at a rate of 6% in the 1998- 
2000 penod and at about 4 5% from 2001 to 2010 As a result, the demand for electncity in Georgia 
is expected to grow from about 8,000 GWh in 1998 to 12,000 GWh in 2010 

Demand growth will be gradual at first, but will pick up momentum as the economy gains strength 
The electncity demand forecast for the most likely (Base Case) scenano is presented in Table 1 

The growth of demand is mainly h v e n  by the corresponding growth of the industrial and agricultural 
sectors while consumption in residential sectors remains almost unchanged 

Table 1 Total Electricity Consumption GWh 

If only economic growth was the hv ing  force for the electncity demand in Georgia, it would reach 
about 20,000 million kWh in the year 2020 That is 15% above the 1990 level However, pnce and 
policy Induced energy efficiency improvements are expected to stem this growth at 16,488 million 
kWh, or 94% of the 1990 level 

Hydroelectric generation will continue to be the most important source of electncity for Georgia in 
the foreseeable future Geographic and weather features provide reliable conditions for hydro 
generation, and the extensive investment made in the country's hydro resources dmng the Soviet Era 
provide a good basis for restonng exishng plants to a high level of production capability 

1990 
17450 

Hydropower's share of total generation is expected to range from 64% to 73% over the planning 
penod This share will start to declme after 2010, as more thermal capacity is introduced to the 
system 

1997 
7363 

2000 
9502 

The total installed hydroelectnc capacity m G e o r ~ a  is reported to be over 2,800 MW distributed among 
over 100 plants An mihal screemng idenhfied 21 large and medium plants as possible rehabilltabon 
candidates 

All of the 21 large and medium hydroelectnc projects were evaluated as being economical candidates 
for rehabilitation dmng the study penod In most cases they represent very cost effective projects for 
restonng Georgia's power production capability 

2005 
9946 

In addition to the existing hydropower plants, 18 projects have been proposed and studied as new 
generating plants However, none of them were found to be economically attractive for 
implementation d u n g  the planning penod This was due to a few key factors Georgia already has a 
surplus of peahng power capacity Many of the proposed plants have rather low energy produchon 
capability dunng the winter months, when the need for power is at a peak in Georgia Gas fired 
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combined cycle plants are relatively inexpensive to operate at base load conditions in Georgla, due to 
nearby sources of inexpensive natural gas 

10 3 Thermal Generat~on 

Thcrmal power will continue to play a secondary role in supplying Georgia s electric energy 
Thermal power is primarily needed to provide base load energy during the fall and winter low water 
seasons However, as the availability of hydroelectnc station sites that can be developed at low costs 
is exhausted, thermal power will increase its share of total generation At that time, gas fired 
combined cycle unlts will become the dominant technology for new plants 

New gas fired combined cycle units were the only thermal technology that was found to be 
economical for the Georgian system at this time Two units of 300 to 400 MW are expected to be 
needed durtng the 2001 - 2010 perlod 

The study evaluated the rehabilitation of existing thermal plants and found the costs to be relatively 
h ~ g h  when compared with the installation of new combined cycle units This held true for both the 
larger condensing cycle units at the Gardabani Station and for the smaller CHP units 

10 4 Transmission Improvements 

The study identified 12 major transmission projects that should be included in the system 
improvement and expansion plan for 2001 - 2010 These include the following projects 

Project 
Enguri - Sukhumi - Russia 500 kV 
Enguri Menji Double 220 kV 
Enguri - Zestaphonl500 kV 
Zestaphoni - Central 500 kV 
Zestaphoni - Chiatura - Khashuri Double 220 kV 
Gardabdni - Central 500 kV 
Jinvali - Telavi 220 kV 
Akhaltsihe - Turkey 500 kV 
Reconstruct Ksani - Azerbaijan 500 kV 
Reconstruct Menji - Tskaltubo Double 220 kV 
Reconstruct Zestaphoni - Kutaisi 220 kV 
Reconstruct Zestaphoni - Khashun 220 kV 
Total 

Cost - USD x 1000 
$87,833 
$45,547 
$79,520 
$12,424 
$5 1,652 
$74,6 18 
$12,043 
$57,408 

$2,753 
$950 
$316 
$792 

$426,856 

The priority of repair or completion for the above clrcuits have been determined in part by the use of 
the integrated planning model developed dunng the course of this project The prompt rebuilding of 
the Menjl-Tskaltubo 220 kV and Zestaphoni-Kutaisi 220 kV lines, and the completion of the 
construct~on of the Zestaphoni - Gardabani (via Akhaltsihe) 500 kV transmission line, were 
determined to be the highest prionty 

rurthcr integration and interconnection of Georgia's power system to its neighbors, including 
Azerbaijan Russra, Armenia, and Turkey can result in the creation of an integrated power system that 
would be beneficial to all of the national systems There are significant economic and technical 
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benefits to be denved for all of the parties involved in the creation of large interconnected power 
systems One of the first steps toward this end will require the rehabilitation and strengthening of the 
existing transmission facilities in the Georgian system The rebuilding and modernization of the 
control, communications, and dispatch infrastructure will also be an essential step for further 
integrating the Georgian system with its neighbors 

This project included a transmission system reliability evaluation of the proposed least cost 
development plan for the major generation and transmission facil~t~es in the Georgian electnc power 
system The proposed improvements were found to be technically feasible and to represent an 
economical plan for medium and long term system development 

10 5 Investment Plan 

The investment requirements for major capital improvements for the Georgian electnc power system 
wl l  total approximately $400 million for the penod 2001 to 2005, and $574 million from 2006 
through 2010 The specific projects and their costs are shown in Table 7 
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In terms of cost for unlt of capacity, the Investment costs are relatively low This IS due to the fact 
that most of the work that 1s required to restore the system involves rehabilitation of older hydro 
electrlc stat~ons There is only a limtted amount of new thermal capacity that w ~ l l  be required to 
meet the system's generatron needs 

The totdl Investment needs for the vanous technolog~es lnvolved are shown In the following table 
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Table 8 Total Capital Investments 2001 - 2010 by Technology - Base Case 
Technology 

Thermal Plants 
Hydro Plant Rehab~lrtatrons 
Hydro Plant Addit~ons 
Hydro Plants Subtotal 
All Power Plants Subtotal 
Transmission 
Total 

Capacity Add~tlons and 
Rehabilltations 
MW 

470 
1300 
783 

2513 
2983 

nla 
2451 

Capltal 
Investments 
USD Milllons 

235 
nla 
nla 
650 
885 

88 
973 
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WORK PLAN 
LEAST COST DEVELOPMENT PLAN FOR 

THE GEORGIAN POWER SUBSECTOR 

Background 

The Government of Georgia (GOG) and USAlD have agreed to carry out a plannlng study to 
~dent~fy and pr~orlt~ze the techn~cal and financial requirements for the rehabilitation and 
development of the power and combined heatlpower subsectors Studies including the 
preparation of a financing plan, institutional restructuring, and rehabilltatlon of the broader 
heating sector will be carr~ed out separately by others outside the scope of thls delivery order 
This study will serve as resource for those subsequent studies Burns and Roe Enterprises has 
been selected by USAlD to carry out the study 

The current situation in the electric energy sector is characterized by shortages of power due to 
inadequate capacity for generation, transmission, and distribution, and an inabil~ty to meet 
current bills for fuel The capacity shortage IS a result of deferred maintenance and failure to 
make needed repalrs to facilities This is pr~marily due to a lack of funds to carry out the required 
work The need to reduce level of energy imports to conserve foreign exchange has placed a 
major emphasis on exploiting national energy resources such as hydro, oil, gas, coal, and 
renewable resources (geothermal, w~nd, solar) The Least Cost Plan Development Plan w~ll 
focus on selecting the most cost effectlve program for allev~ating the prevailing capacity shortage 
In Georgia 

The primary objectwe of this work is to assist the Government of Georgia to define an 
appropriate development plan for the power sector through the year 2010 BREl will determine 
the least-costly optlons for meeting peak electricity demand during the study period The study 
will take into account strategic needs for relative energy independence, increased supply 
reliability requirements, and envrronmental Impacts of the d~fferent optlons considered in the plan 
BREl will also identify the element of rlsk associated with each of the alternatives considered 

A second object of the work will be to provide a complete Investment program showing the 
financial requirements in foreign and local currencies for the rehabilitation and expansion of 
generation, transmission and distribution facilities An appropriate financing plan that w~ll be 
required to implement the aforementioned Investment program, will be prepared by the GOG, 
w~th assistance from other sources noted earlier 

The thlrd spec~fic objective of the study IS the transfer of technology for power system plannlng 
and related methodolog~es to Georglan professional staff In engaged In electrlc~ty supply BREl 
w~ll present seminars and short traln~ng courses and will carry out as much of the study as 
posslble in Georgla 

A number of studies of the Georglan energy and power subsectors have already been completed 
by other development assistance organ~zations, or are under way BREl w~ll make appropriate 
use of the completed work, and coordinate work as closely as posslble with other organizations 
presently active In the field 
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The Least Cost Development Plan for the Power Subsector l~es wlthln Strateg~c Asslstance Area 
1 of the strategic framework developed by USAID's Bureau for Europe & the New Independent 
States An objective of Strateg~c Asslstance Area 1 IS to promote economlc restructuring by 
fostering the emergence of a competltlve, market-oriented economy In whlch the majonty of 
economlc resources are privately owned and managed 

Scope Qf Work 

Thls scope of work covers power generation, transmlsslon, and dlstrlbut~on facllltles, but does not 
Include the d~str~ct heat~ng subsector However, account w~ll be taken of the costs and benefits of 
cont~nulng to supply heat from comb~ned heat and power plants 

Speafically, BREl shall be responsible for the follow~ng actlv~t~es 

Preparlng A Work Plan 

Assesslng The Condltlon Of Exlstlng Faclllt~es 

Forecast~ng Peak Load And Annual Electrlclty Consumption 

Evaluating Plans For lmprovlng Exlstlng Fac~lltles And lnstalllng New Facllltles 

Plannlng the Development Of Cap~tal Projects For The Power System 

Preparlng An Investment Program 

The results of the study will presented In a formal report to be Issued at the completion of the 
study In addltlon, perlodlc reports and presentations will be made to the GOG and USAlD 
apprising them of the progress of the work, and ldentlfylng Issues requiring thelr attent~on or 
Input Two lnformatlonal workshops will also be conducted In the course the study 

Work Plan Preparatron 

BREl shall develop a detailed work plan for each area of actlvlty and a complete schedule In thls 
exercise of developrng the work plan, BREl shall work wlth the support of and In coordlnatlon wlth 
the USAlD Caucasus Mlsslon In Yerevan, the USAlD offlce In Tblllsl, and USAlD In Washington 

BREl will review the work of other USAlD funded actlvltles In adjacent NIS countries, as well as 
that of other donor organlzatlons worklng In the same or slmllar areas of the energy sector, to 
ldentrfy counterpart personnel obtaln needed data and documents, and undertake jolnt efforts 
BREl will plan the work to coordinate and cooperate w~th others as approprlate and to avold 
dupllcatlon where posslble Where dupl~catlon cannot be avolded, or where task objectives no 
longer appear productive or approprlate, BREl wtll report back and to propose work plan 
adjustments 

The work plan shall Include an explanat~on of the reasons supporting the selection of power 
sector plannlng model to be used for the study The explanatlon will touch upon the slgnlficant 

Flnal Report 
Volume 2 Append~x 1 Page 2 September 1998 



Georgia Electrrc~ty Sector Least Cost Development Plan 

Issues behind the selection process, such as suitability for use with the hydro-dominated 
Georgian power sector, ability to adapt Sovlet-style historical data for input, and the capacity to 
incorporate wide varlatlons In development scenarios 

BREl shall submit a draft work plan to the USAlD and the GOG for review and comments, after 
receiving and incorporating the comments, the work plan shall be finalized and dlstrlbuted by 
BREl 

Assessing The Condition Of Existing Facilities 

BREI will review existing data to determine its valrdity, and identify new data needed to develop a 
comprehensive assessment of the condition and llfe expectancy of power generation assets In 
the country BREl will gather additional informatlon where requlred to provide adequate detail 
regarding the generating, and transmiss~on and distribution capacity in the reglon for plannlng 
purposes In addltlon, BREl will examine the local patterns and trends in power and related 
heating demand and consumption 

These assessments will be based on work already done by USAID, EU TACIS, and other 
consultants An estimate will be made of the physical condition, rlsk factors (~ncluding necessary 
redundancy), their environmental impacts, the requ~rements and costs of rehabilitation, and the 
expected duratlon of remaining plant lives The areas of focus are as follows 

hydro plants, 
thermal plants and comblned heating fac~lities, 
fuel supply infrastructure, 
transmission network for internal supply and for regional, and 
power distribution facilities 

Forecasting Peak Load And Annual Electr~city Consumption 

BREl will retain the services of a specialized firm (F1rm)as a subcontractor to prepare demand 
forecasts of peak load and energy consumption That firm will obtaln up to date informatlon on all 
major categories of electricity consumption in the region, ~ncludlng annual consumptlon by sector 
and major industry class~ficat~on The actual collection of data will be carried out by local 
Georglan staff retalned by BREl The Flrm w~ll meet wlth BREl staff and Georg~an agencies to 
determine the availability and extent of data to be collected The activities in this Task will Include 
the following 

Review available Georgian economic and technical data relating to electrlclty supply and 
consumpt~on, and determine what IS valid and applicable, includ~ng 

Statlstlcs on current and historical electrlclty and related heat demand, 

Electricity usage patterns, for major end-user categories, various industry class~fications and 
economic sectors of Georgia 

Levels of electricity use, intensities, and key types electrical devices 
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Current tariffs and future tar~ff projections 

Technical and economlc data on energy efficiency measures ~nclud~ng their total and 
incremental capital and operat~ng costs, and their expected service lives 

Demand analys~s for major consumer categories (industry, household agriculture etc ) will be 
carr~ed out to determine for instance, the frequency d~stribut~on of consumption per connect~on, 
intensity of demand related to industrial to industrial output and other causal factors ~ncluding 
price wh~ch Influence demand The impact of demand side management and energy 
conservat~on programs will also be assessed as to the~r Impact on final demand in terms of load 
(kW)(peak and off-peak) and energy (kwh) 

Three scenarios for electr~city load profiles shall be developed on a disaggregated basis for up to 
three service territories The scenarios w~ll examined w~th respect to results of previous demand 
stud~es by the World Bank and other ~nstitut~ons, and the probabil~ty of occurrence of each 
scenario w~ll be estimated These forecasts w~ll project changes to the load profiles factor~ng in 
future tariff structures and potent~al ~mprovements In end-use efficiency of both electrlc energy 
and related heat loads The forecast time frames and scenarios shall extend through the year 
2020, in order to correctly evaluate the effects of investments during the plann~ng over the~r full 
servlce l~ves 

Evaluating Plans For lmprovlng Exlst~ng Facll~t~es And lnstall~ng New Faclllt~es 

Estimates of the labor and materials costs of will be prepared for needed repairs and spare parts 
required for operat~on BREl will use the results of previous studies and ongoing work for the 
Georg~an energy and power subsectors done by other development assistance organ~zat~ons 
Requirements for the rehabilitation and plant life extens~on shall be est~mated separately, for 
evaluat~on as part of the med~um and long-term options to be developed for consideration for 
implementat~on through the year 201 0 

Condition assessments will be based on ex~st~ng studies to the full extent possible BREl w~ll 
perform s~te verification only In those cases where existing data is known be incorrect or is 
Inadequate for planning pruposes 

Specrfic aspects that should be covered In the facility assessments are 

Hydro Generation In addition to the many ex~sting hydro facil~ties in Georgia, numerous 
add~tional hydro plant sites have been identified and studied to varylng levels of detail BREl w~ll 
review the available documentat~on with regard to the status of design, power generation 
characterist~cs, technical and economic feasibility, and cost estimates Addit~onal informat~on w~ll 
be sought as required for the subsequent development planning analysis 

Renewable Energy Sources An assessment shall be made of the potentials for wind, solar 
(thermal andlor photo voltaic), and geothermal power Terms of reference for add~tional stud~es 
will be drawn up ~f it IS apparent that wind, geothermal or solar power can make a significant 
contribut~on to power supply at an economlc cost taking into account sustainability of supply 
benefits and environmental Impacts 
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Thermal generatlon Thermal plant types to be considered in power plannlng Include 
conventional comblned heat and power, multl-fuel flred (gas, mazut, and possibly coal), and 
combined-cycle gas fired combustion turblne plants The evaluation of the exlstlng plants will be 
used to determine the feaslbllity and costs of plant life extension as well as retirement schedules 
Provisions will be made for the supply of steam and heat for Industry and for distrlct heating 
Attention will also be glven to the environmental impacts of the various plant types 

Transmrssion and Distribution A transmission network capability analysis will be carried out to 
assess the requirement for network and substation relnforcement down to the distributron 
substation level BREl will identlfy the main problems and propose a prioritized set of actlons to 
alleviate the problems Requirements for relnforcement and expansion of the dlstrlbutlon network 
beyond the distribution substation to meet load growth will be assessed and comblned with the 
requirements for rehabllitatlon and loss reduction The capaclty analysis will take into account the 
potential future imports and exports of electrlcrty For both transmlsslon and distribution 
networks, an assessment of potential loss reduction investments and of the environmental 
Impacts will be made Opportunities for detalled loss reduction studles will be identified, as 
potentlal down stream projects to be pursued by others 

Plann~ng the Development Of Cap~tal Projects For The Power System 

A PC-based version of the ICF-Kalser IPMO power system expansion model will be used to 
determine the least-cost sequence of power system development, lncludlng prioritization of 
rehabilitation programs, repowering vs new plants, and the use of demand slde management 
The IPM model will produce a long term investment plan based on an optimal sequence of power 
sector investments for the country, including where appropriate, commitments for long term 
power exchange wlth adjacent countr~es Sensltlvity and risk analyses will be carrred out to 
assess the consequences of uncertalntles In demand, unit capital and fuel costs, posslble 
constraints In fuel supplies and the costs of unserved power 

Prepar~ng An Investment Program 

BREl will prepare an investment program based on the IPM model work showing year by year 
d~sbursement in local and foreign exchange for each project ldentlfied for demand side 
management, power generatlon, transmission, and distribution Compare the IPM model results 
wlth the current GOG derived electrlclty supply plan and make any necessary adjustments to 
account for variables not adequately addressed in the modeling process 

BREl will prepare a draft final report on the overall regional electricity supply plan suitable for 
presentat~on to potent~al Investors who may be considering implementing projects withln the 
reglon The report should lndlcate the preferred timlng for commlsslonlng each of investment 
projects and their expected annual rates of ut~l~zation 

Work Plan -- BREl shall submlt to the Contracting Officer's Technical Representatwe 
(COTR) a wrltten work plan covering each major actlvlty of thls work order within 30 calendar 
days of the effective date of thls DO The detailed work plan IS to be approved by USAID, 
including timetables, benchmarks, and dates for deliverables Identified In a tlmeline format The 
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work plan will also contain a brlef review of available planning models and a recommendat~on for 
the one to be used in the study See Attachment 1 

The work plan shall Include BREl's proposal for measurable and verifiable indicators that will 
show progress toward achieving the objective See attachments 2 and 3 Gantt Chart schedules 
indicating all major study actrvltles and the crltical path for timely completion of the study 

First Workshop -- A workshop will be held towards the mlddle of the project to explain the 
methodology employed in the study, and to discuss BREl's flndlngs, to date, on load forecasts 
and scenarios, facilities assessments, and supply options The work shop will be open to 
partlclpation with the Georgian authorities, the Georgian utilitles, the Energy Regulatory 
Commiss~on, USAID, the World Bank, and the EBRD A first Interim Review will be subm~tted to 
USAlD at least one week before this workshop, which will include interim results of the follow~ng 
analyses 

Facilities Assessment 
Demand Forecasts and Scenarios 
Options for Rehabilltation and Expansions 
New Plant Optlons 

Second Workshop -- A second workshop will take place towards the end of the study to 
discuss the findlngs of the study, and arrive at a consensus on the final results of the study The 
workshop will be open to partlcipatlon with the Georgian author~tles, the Georgian utilitles, the 
Energy Regulatory Commission, USAID, the World Bank the EBRD, and other donor 
organizations selected by USAlD A draft version of the over all study report contaming the 
consultants preliminary conclusions will be presented for review and comments The draft 
version of the over all study report be submitted to USAlD at least one week before the 
workshop 

F~nal Report -- Three weeks before the scheduled complet~on date of the DO BREl 
shall provlde draft copies of the final study report to the USAlD and the Mlnrstry of Fuels & 
Energy for revlew and comment Following receipt of comments from these institutions BREl will 
prepare the final reports under this DO 

The system development model and software used for the analysis will be delivered to the 
Georgian authorities upon completlon of all work Del~verables prepared under this Scope of 
Work will be required in Engllsh for USAlD and In Georgian for counterparts 

REPORTING 

In addition to the dellverables indicated above, BREl shall submit the following reports to 
ENIIEEUDIEI 

Monthly Status Reports These reports monitor performance progress and shall be 
submitted no later than ten calendar days after the end of each month The reports shall itemize 
activities by task, ~dentifying progress, accomplishments, problems encountered, corrections 
implemented as a result, andlor alternatives and solutions suggested in order to produce the 
desired results In add~t~on, person days expended will be reported Reports on trips planned 
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wlth~n the next 30-45 days w~ll Include persons to be involved, organ~zations to be vlslted and 
purpose of visit, and any assistance needed to ensure ach~ev~ng objectlves Electronic reporting 
to the project offlce w~ll be requ~red In a format supported by the software loaded onto USAID's 
network Th~s IS to fac~l~tate and promote the objectlves of paper reduction In USAID offices Hard 
copies will also be provlded ~f requested 

Quarterly Reports These reports be subm~tted per requ~rements lald out In USAID's 
un~versal mod dated 10113194 The quarterly reports shall Include a d~scuss~on of progress 
aga~nst performance ind~cators and targets developed In the work plan 

Technlcal Reports -- BREl shall submlt techn~cal reports In hard copy and d~skettes In 
accordance w~th the schedule developed In the Work plan 

TECHNICAL DIRECTION 

The work of BREl w~l l  be gu~ded by the above work plan, whlch IS based on the SOW The work 
plan 1s to be approved by ENIIEEUDIEI and USAlD Yerevan Technlcal dlrectlon dur~ng the 
performance of th~s Dellvery Order shall be prov~ded by the Contracting Officer's Techn~cal 
Representatwe (COTR) as shown on the cover page (block 5) of the Dellvery Order 

SCHEDULE 

The attached project schedule ~ndlcates the antlclpated commencement and complet~on dates for 
each major study act~v~ty The est~mated date for complet~on of the study is September 30, 1998 
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Attachmnet 1 - Explanation of the Cho~ce of Plannlng Model Technology 

The IPM' plannlng model technology developed by ICF-Kalser, Inc has been selected as the best 
cholce developing a long term Investment plan for the Georglan electrlclty subsector Thls IS based 
on prevrous experience In modellng NIS electrlc power systems, and the ablllty of the technology to 
adequately evaluate hydroelectric generatlng resources 

A number of electrlc power system plannlng actlvltles done under prevlous US AID funded 
programs In the NIS have lnvolved the use of IPM' plannlng model technology IPM@ has been 
employed to develop a computer based model of the Russtan power grld and use that model to 
asslst In the development of least cost expansion plans for the power sector for the Jolnt Electr~c 
Power Alternatives Study (JEPAS) IPM was also used for the Krasnodar Power Project 
Feaslblllty Study In the nelghborlng North Caucasus power grid It IS currently belng used In the 
least cost plan study for Russla's Northwest power grld Through these assignments ICF's staff 
have developed a farnlllarlty wlth the NIS electrlc power sector and good worktng relat~onsh~ps 
wlth some of the major players In the sector, lncludlng Center for Energy Efficiency, who will be 
thelr counterpart for the demand forecastlng work on thls study 

One of the Important features of the IPM@ model IS ~ t s  capablllty to model operatlon of systems 
w~th a heavy concentration of hydro-power plants IPM@ IS routinely used for modelrng hydro- 
power plant operatlon In the U S natlonal electrlc power system s~mulat~ons performed for 
Envlronrnental Protection Agency (EPA), as well as In varlety of other projects In the NIS, IPM@ 
was successfully used for modellng hydro-generation for the entlre electrlc power system of 
Russla durlng the Jolnt Electrlc Power Alternative Study, and for slmulatlng hydro operattons In 
the North Caucasus Grld ICF has also used thelr technology to develop a load forecastlng 
system for determlnlng generatlng requ~rements for the hydro dom~nated Paclfic Northwest Grld 
In the US 

In addltlon to the techntcal advantages of the IPM modellng software, the current schedule for 
the study of etght month from start untll completion requires using staff that are famlllar wlth 
plannlng work In the NIS It IS BREl's judgement that ICF IS the only firm that IS capable of 
completing the development an adequate model configuration of the Georgtan electrlclty sector In 
t~me to perform the plannlng work requlred In thls DO by Sept 30, 1998 

Model Structure 

IPM' IS a Llnear Programming optlmlzatlon model that determines a proper and most efficient way 
to meet overall electrlclty demand and related centralized heat demand for both dlstrlct heatlng and 
lndustrlal use System dispatch, determlnlng the proper and most efficient use of the exlstlng and 
new resources, IS optlmlzed glven the resource mix, unlt operatlng character~st~cs, fuel and other 
costs Declslons under the constralnts are made on the bass of mlnlrnlzrng the net present value of 
capital plus operatlng costs over the full plannlng horlzon 

Model Inputs Include customer demand, exlsttng utlllty generatlng unlt character~stlcs, new resource 
optlon character~st~cs, system operatlng constralnts, fuel prlce forecasts, transm~sslon llnk 
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characteristics, and the prices and avallabllity of exogenous power purchase and sales 
agreements 

IPM IS a dynamic electric utility planning model developed to help decision makers plan system 
capacity and model the dispatch of electricity by individual units, plants, or aggregates of plants 
The model conslsts of a linear objectlve functlon, which is minimized given a set of various linear 
constraints 

The objectlve functlon is a hear formula, whlch conslsts of the present value of the sum of all costs 
over the time horizon to be evaluated These costs are for both the generation and transmiss~on of 
electricity and centralized heat (I e , variable costs), the construction of new plants and transmlsslon 
links (I e , capital costs), and fixed operat~ng and maintenance costs The objective functlon also 
~ncludes costs and revenues resulting from exogenous power purchase and sales agreements In 
addltlon if demand-side management and conservation are under consideration, costs associated 
with these programs are also in the objectlve function 

Reserve margin constralnts define a minimum margin of reserve capaclty (In megawatts) per year 
for each region with In the grid If existing plus planned capaclty IS not enough to satisfy reserve 
requirements, the model will add the required level of new resources, considering their performance 
In the entire planning horizon 

The model divides each year into a number of seasons, which are divided Into load segments 
Each segment defines the minimum amount of generation requlred to meet demand at dlfferent 
polnts In time 

Capaclty constraints specify how much electricity each plant can generate given its capacity and 
seasonal availability The model can take into account the cycling capabilities of the unlts, I e , 
whether or not they can be shut down at night or on weekends, or whether they must operate at 
all times, at least at some mlnlmum capacity level In addltlon, IPM@ also has other constraints 
that are used for dispatching hydro and pump storage units 

IPM@ can consider a varlety of pollutant constralnts, such as SOz, NOx and C o p ,  and additional 
constraints defined by the user The constraints can be implemented on either a regional or plant 
by plant bass The constraints can be defined as either a total tonnage cap, or a maximum rate in 
kg/Gcal 

The model can s~multaneously analyze any number of regions that are linked by transmission llnes 
The constralnts define e~ther a maximum MW level on each link, or a maximum level of 
transm~ssron on two or more llnks Oolnt Ilmits) to dlfferent regions IPM@ also provides capablllties 
for optimlzat~on of a construction of new transmiss~on links between the regions 

The version of IPM' to be used In the study includes constra~nts that represent centralized heat 
balances These constraints specify how much of centralized heat needs to be generated by co- 
generating units and boiler houses In each region a number of such constralnts can be specified 
Each of them may be used to represent different centralized heat sub-system 

The optimal solution generated by IPM' IS the least cost mix of utility resource to satlsfy electricity 
demand and centralized heat demand on a seasonal basis for each region The solutlon IS 
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reported in tables that show total generatlon by region, generatlon by lndlvldual unlts, varlable and 
fixed costs transmission levels between regions and varlous other tables 

IPMO puts the costs and benefits of all optlons on a "level playlng field", ensuring that all costs and 
benefits are treated on the same basis and that model declslons are not arbitrarily biased IPM@ 
accompl~shes thls by using the follow~ng techniques It discounts all costs to a base year and 
Includes them in a multi-year objectlve functlon IPM@S formulation properly accounts for the end 
effects The model includes In the objective function only the portion of capltal costs that will be 
Incurred as annual payments during the planning horlzon IPM@ calculates total discounted costs 
over the entire study horlzon by including all the years of the study horlzon In the objectlve function, 
rather than including costs only for the actual years run 

The version of IPM' used in the current study provldes two different approaches to account for 
changes In reglonal load shapes during the plannlng horlzon The conventional approach used In 
developed countries requires chronolog~cal hourly load curves as Input for all the regions and all run 
years In the plannlng horlzon Slnce thls type of data IS not routinely recorded in NIS countries, the 
version of IPM@ to be used In the current study has been modified to allow for an alternative 
approach where typ~cal sets of load duratlon curves are used as Input 

An important feature of IPM@ for the current study IS ~ t s  capabll~ty to model repowering and 
retrofitting of exlstlng generating units IPM@ provldes algorithms for optimization of staged 
reconstruction schedules of such unlts Thls includes upgrading of less economically effectlve 
plants with a more cost-effective technology (e g upgrading of s~mple gas fired unrts to combined 
cycle unlts), environmental retrofitting of existlng unlts that cannot meet environmental standards, 
as well as upgrading less energy efficient boiler houses to co-generating unlts 

Many detalled and summary reports can be generated by IPM@ Individual sections of reports can 
be included or excluded from IPM' output at the user's discretion A useful feature of IPM' IS that 
the entlre model solutlon IS stored, and addltlonal detalled reports can be generated from the stored 
solutlon as the need arlses IPM' version to be used In the study has an optlon that allows to 
express Input and output data In standard NIS energy unlts 

IPM@ ~apab~ l l t l es  for Modellng Hydro-Generat~on 

Hydroelectric resources are represented in IPM based on the following Input data 

1 Installed and reserve margin capaclty 
2 Capltal costs, fixed and variable operation and maintenance costs 
4 Seasonal capaclty factors 
5 Must-run requirements 

Hydro Capaclty And Reserve Margln Installed capaclty is specified ~n the input data set for 
existlng hydro plants For new hydro resources, lower and/or upper bounds can be speclfied in 
the Input data set If no bounds are specified, the model will determlne the unconstrained 
optlmal amount of hydro to be built For exlsting hydro, reserve margin capacity IS specified in 
the Input data set in megawatts For new hydro a reserve margin capaclty fractlon given by the 
user is used to determlne the amount of new hydro capaclty that will be available to meet the 
peak load 
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Determining reserve margin capactty is the biggest challenge in specifying the input data for 
hydro resources For the Jo~nt Energy Alternatives Study, the reserve margin capacity for 
existing and new hydro resources was estimated for each of the 8 reglons in Russia The 
approach used was to calculate the amount of peak load that could be served by a hydro plant 
by filling up the peak day load duration curve from the top downward w~th ava~lable hydro 
resources 

Costs The cost data for hydro resources is essentially the same as needed for other 
types of capacity However, fuel costs are zero for hydro resources 

Seasonal Factors Seasonal capac~ty factors are key inputs that specify how much energy will 
be generated by hydro plants in each season In IPM@, an additional equality constraint is 
created for each seasonal capacity factor specified by the user in the input data set The 
coefficients of the hydro capac~ty var~ables In the capacity factor constraint are set to equal the 
number of hours in a season times the capacity factor The coefficient of the dispatch variables 
In the capacity factor constraint are set equal to the number of cumulative hours in the segment 
for the season 

Must-run Requirements For each plant in a system specific seasonal must-run 
requirements, or "area protection fractions", can be used to simulate plant to operatations at 
speclfic minlmum levels The model also specifies the load duration curve segments in whlch the 
plants must operate This feature is used for hydro resources to specify the minimum level of 
energy generation Additional equality constraints are created for each seasonal area protection 
fraction 
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1998 Schedule Georg~a Electrlclty Sector Least Cost Development Plan 

ID Task Name Feb I Mar I Apr I May I Jun I Jul I Aug I Sep 
1 Dellvery Order Recelved 

2 Work Plannlng 
- 

3 Arrange Subcontracts 

4 AEP 
- 

5 CENEf 

Faclllt~es Assessment 

Transmrsslon 

Demand S~de Mgt 

Demand Forecast 

Feaslbll~ty Stud~es 

Transmlss~on 

Demand Slde Mgt 

In Country Workshop 

System Plannlng 

Staff Orlentation 

lnltlal Model Runs 

Optlm~zat~on Runs 

Flnal Model Report 

Investment Program 

Draft Project Report 

GoG Project Revlew 

AID Project Revlew 
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PRESENT CONDITION OF POWER GENERATOIN AND FUTURE 
PROSPECTS 

G Makashvll~ 
Energogeneratsla 

Abstract 

The present condition of Georgan Power System and possible ways of its improvement are 
discussed Dmng the last ten years power generation dropped twice from 14 24 to 7 23 billion 
kwh If until 1990 hydro power plants contnbuted 53% of the total generated power, m 1997-98 
their share has increased up to 85-88% The only base power station - Gardabani Thermal Power 
Plant has actually become a seasonal plant to be operated only dunng winter, and generating no 
more than 1 billion kWh Consumption of power for household needs has abruptly increased 
from 16% in 1990 to 65% in 1998 Dmng the same penod power import from the neighbonng 
countnes dropped from 3 564 to 0 087 billion kWh It is expected that energy consumption will 
be 10 billion kwh by 2005, and 15 billion kWh by 2010 The pnonty trend for covenng th s  
consumption is considered to be the util~zation of hydro resources In the short term it is possible 
to rehabil~tate the existing hydro power stations, as a result of whlch additional 2 - 2 5 billion 
kwh electricity can be generated in nearest 2-3 years By 2010 Khudoni Hydro Power Plant of 
750 MW, Narnakhvan~ Power Plant of 960 MW, Paravani Power Plant of 100 MW must be built 
and potential of the nver Mtkvm utilized We must use the poss~bility of selling power to 
neighbonng countnes dunng peak loads as the pnce is 3-4 times hgher than that of the basic 
power Construction of hydro power plants should be mcreased About 80 of the existing small 
hydro power plants (total capacity 35 MW) can be restored in one or two years 

In order to improve the reliability and operability of the energy system it is necessary to create 
pumped storage capacity of 1 million kW at the Engun Hydro Power Plant Along with the hydro 
power plants, it is necessary to develop basic thermal power plants It is necessary to rehabilitate 
Unit 10 and construct Unit 11 of Gardabani Thermal Power Plant, so that the operating capacity 
of the plant is 800-1000 M W ,  annual generation 6 million kWh The possibilities of building 
new basic 200 MW thermal station in the West Georgia whch will operate uslng local coal, also 
the question of constructing gas turbine facilities Little by little centralized gas and heat supply 
systems must be at least partially restored The non-traditional (solar, wind, geothermal etc ) 
sources of energy must also be utilized 

It must be noted, that due to the great effort of the government of Georgia, people involved in the 
energy sector and international donor organizations the Power sector is slowly overcoming the 
cnsis The time has come for the power system to transfer from the emergency operation regime 
to economically effic~ent operat~on regime Due to the shortage of funds the most vital problem 
to be solved is to find the least cost option for restonng normal operation of the power system 
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CURRENT STATUS AND PROSPECTS OF THE GEORGIAN POWER 
SYSTEM TRANSMISSION NETWORK 

V. Metrevell 
Electrogadatsema 

Abstract 

On June 1,  2 and 3, 1998 The United States Agency for International Development (USAID) has 
sponsored a Workshop on the Least Cost Planning Model for the Electnc Power Sector of 
Georgia 

General D~rector of the State Company "Electrogadatsema" Mr V Metreveli gave a speech on 
the Current Status and Prospects of the Georgian Power System Transmission Network 

The speaker has bnefly reviewed the history of the power system development in the country He 
descnbed the basic functions and activities of the State Company "Electrogadacema" and the 
history of the 220-330-500 kV power transmission network development Mr Metreveli spoke 
about, v~tally important projects that were uncompleted as a result of recent events in the 
Country, and about the necessity of their reconstruction 

The speaker emphasized the great importance of synchronized operation of the power system 
w ~ t h  the power systems of the neighbonng countries, particularly w ~ t h  the power system of 
Turkey 

He spoke about Georgian-Turkish economical relationships and the necessity of activities for 
maintaining these relationships including the technical activities directed to increase power 
transmission from Batumi to Turkey 

The speaker underlined the importance of connection with the power system of Turkey, which 
w ~ l l  enable to connect the power system of Georgia to the European Power System, provide wide 
possibilities to develop the nch hydropower resources of Georgia and to create strong power 
system This will give a chance to our power system to become a transit facility and a net 
exporter of power 
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PRESENT CONDITION AND PROSPECTS FOR POWER SYSTEM 
OPERATIVE CONTROL 

B Kozhoridze 
Sakenergo 

Abstract 

In the past the development of operative control of the power system didn't follow the 
development of generation facilities Dmng the recent hardship in Georgia the conditions of 
Dispatch and operative control have become much worse 

For today there are about 30 generating plants and about 600 - 500/220/110/35 substations 
operat~ng in the system The centralized and hierarchy scheme of the system control is st111 
retaned though Sakenergo has been divlded into four separate enterpnses The Central Dlspatch 
Center (CDC) is situated in Tbilisi Regional dispatch center in Kutaisi, dispatch centers of 17 
regonal distribution enterpnses, all big and medium hydro and thermal plants, all 220 and 
500kV substations report to the CDC 

The CDC 1s equipped with one RPT type micro computer and one SM-4 computer with 256K 
RAM and 0 4 MHz frequency There are no computers used in the system control except for Unit 
9 in Gardabam 

80% of cornrnu~llcation is going through the leased channels, at the same time the 
cornmuIllcation with main sites is kept through the high voltage transmission lines (PLC) 
Currently there are only 25 sites providing real time data to the dispatch center T h s  is 5% of the 
total number of sites 

In order to achieve the normal functioning of the power system, we believe it is necessary to 

1 Equip the CDC wlth a powerful computer with a UPS support 
2 Develop a commun~cations backbone based on UHF and fiber optics technologies, 
3 Restore and develop regional cornmumcation systems based on PLC and radio 

communication technologies, 
4 Introduce computer based emergency control systems, 
5 Use modem short and long term planning (computer) programs 
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PROSPECTS OF GEORGIAN POWER SYSTEM DEVELOPMENT 
TOWARDS REGIONAL INTEGRATION 

I Shekr~ladze 
Parl~amentary Comm on Energy 

Abstract 

Power Industry IS one of the most extensive and profitable industnal branches in Georgia (mainly 
due to its hydro sector whlch operates using local renewable resources) Investment needed for 
its reconstruction does not exceed $500-600 mllllons Market pnce of estimated annual 
production IS about 700-800 million dollars, while the cost of purchased fuel does not exceed 
100-1 50 million dollars After reconstruction the cost of the maln assets will reach 8-10 b~llion 
dollars 

Judglng by the above data, the present and forecast parameters of the market, the restored and 
modemlzed energy system wlll be able to cover the demand not only within the country, but also 
export power abroad, thus filling the budget and generating investment capital 

Georglan power system must be Integrated with power systems of other countnes It must reach 
such a level, at which not only ~ t s  potentla1 of exporting energy dunng peak hours will be 
realized, but ~t will also export the base load power and become an Instrument for significant 
power transit 

Besldes, as ~t has already been specified in the "Concept of Georglan Energy Sector 
Development" (1992) worked out by the author of this abstract, Georgla has favorable natural 
conditions and hydro energy base whlch provide the possibil~ty of creating economically 
efficient pumped-storage system of regional importance 

This oplnlon can be backed by the following arguments 
There IS a problem of extenswe electricity demand dunng peak loads and surplus generation 
dunng the nlght hours In wlnter This problem has become even more acute lately, 
Existence of hlgh voltage power transmission lines w ~ t h  total capacity of 3000 MW 
connecting Georgia with the nelghbonng countnes These llnes can not loaded by other 
power flows 
Possibility of building new power plants, 

Possibll~ty of creating a pumped storage plants using the existing reservoirs, or those under 
constructlon (Khudoni), thus reducing capltal Investments and constructlon penod and 
mlnimlzlng negative impact on the envlronrnent 
High economic efficiency of pumped storage power plants is observed in Europe, Amer~ca 
and Japan, even if completely new reservoirs, dams and transmission lines are built 
(Increasing capltal investments and construction penod) 
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Based upon the above matenals, the report contains analysis of Georg~an energy system needs 
which should be taken into considerat~on while worlung out the model 
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WHAT IS IPM AND HOW WILL WE USE IT IN GEORGIA? 

Adam Kreczko 
ICF Kalzer 

Abstract 

A Least-Cost Plan prepared with a well accepted methodology will play a decisive role in 
defining the investment needs of the Georgian electnc power system Such a plan will also 
provide a comprehensive, long-term perspective for potential investors who may consider 
br~nging their resources to Georgia Such a plan will also be very valuable for the Georgian 
utility executors and policy makers who are focusing on reformrng the Georgian economy along 
open market lines 

The ICF Kaiser's Integrated Planning Model (IPMO) was selected by USAID for developing a 
long term rnvestment plan for the Georgian electncity sub-sector This was based on the 
evaluation of specific features of the model and the wide expenence in using IPMO for the 
development of Least-Cost Plans in the U S and overseas An additional important factor was 
previous positive expenence wlth modeling NIS electnc power systems 

IPMO is a Linear Programming optimrzatron model that determines a proper and most efficient 
way to meet overall electncity demand and related centralized heat demand for both district 
heating and industnal use System dispatch, determining the proper and most efficient use of 
generating resources, unit operating characteristics, fuel and other costs are all accounted for 
determining the optimal sequence of investments Decisions under the constraints are made on 
the basrs of minimizing the net present value of capital plus operating costs over the full planning 
horizon 

The main assumptron of the current study is that the Least-Cost Plan for the Georgian electnc 
power system will be developed in Georgia and by Georgian specialists in drrect contact with 
decision and pol~cy makers The license for IPMO will be valid for a penod of two years and it is 
our strong hope that after the completion of the current project, IPMO will remain in use in 
Georgra, providing contrnuously improved long-term basis for making decisions about the 
futures of the electnc power system 
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ELECTRICITY DEMAND IN GEORGIAo 1998-2020 

Igor Bashmakov 
CENEF 

Abstract 

To properly develop a Least Cost Plan for Georgia there is a need to accurately estimate future 
electncity demand for the region There is also a need to evaluate the potential for electncity 
efficiency improvement utilization to predict the impact of economic restructuring on the 
consumption and load patterns Such task is a challenge for any country It is a much more 
challenging exercise for Georga The recent penod of turmoil and the extensive changes 
involved in shft from a Soviet economic system to one based on free markets add several orders 
of magrutude to the complexity of estimating the future level of electncity demand and load 
patterns for the country 

Center for Energy Efficiency was selected by Burns and Roe Enterpnses, Inc to develop 
projections of electncity demand for Georgia through 2020, along with an evaluation of the 
potential for electncity utilization efficiency improvement under their contract from USAID The 
Center for Energy Efficiency (CENEf) IS an ~ndependent, non-for-profit organization, that was 
founded in 1991 to promote energy efficiency and environmental protection in Russia and the 
Newly Independent States 

CENEf is now in the process of completing its evaluation and forecast for Georgia The detalled 
final report will cover the following issues 
1 Trends in the economic development of Georgia in 1990-1998 Including a discussion on the 
reliability of avalable data, 
2 Histoncal statistics on electncity and related heat demand, electncity usage patterns for major 
end-use categones, levels of electncity use, intensities, and key types of electrical devices, 
availability, load characteristics, schedule of installed capacity retirements, current tanffs and 
future tanff proj ections, 
3 A descnption of the complex model that was bmlt by CENEf to develop electncity demand 
projections, using vanous scenanos of Georgian econormc development 
4 A section explaining three basic scenanos of economic development of Georgla as well as 
results of corresponding model runs to evaluate the related electncity consumption, and 
5 A collection of major conclusions on the growth of electncity demand and the potential for 
~mplement~ng energy efficiency improvements 
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CONCEPTS OF GEORGIAN ENERGY SYSTEM PLANNING AND 
DEMAND FOR FUTURE 5-6 YEARS 

N Kereselidze 
Energy Research Institute 

Abstract 

Thls year at the request of the Ministry of Fuel and Energy of Georgla the Georgian Scientific 
Research Institute of Energy, together with the specialists from the Mlnistry of Fuel and Energy, 
the Mlnlstry of Economy, Tbilisl State University, Georgian Polltechnical University, is carrying 
out sclentlfic research on "Scientific ~ustification of the Long Term Forecast for the Georglan 
Energy Sector Development" 

In future, restoration of Georglan economy, its further development and export of products to the 
world market will greatly depend upon the increase of the existing energy potential and rational 
use of fuel and energy resources 

In a short term (before 2000) the power demand of the country should be covered by means of 
rehabilitating the existing energy facillt~es and technical refurbishment of obsolete facilities 
Besides, in the short term, the main task is to improve efficiency of using energy resources 

For the medlum term (2005) together with the replacement of the obsolete equipment, it is 
necessary to attract investments and construct some new projects 

In the long term (2010) main pnonty must be given to new construction of energy facilities and 
exploration of new fuel resources 

At present minimum and maximum levels of electricity consumption In connection wlth the 
growth rate of national product 

Our forecast is worked out using methodology accepted worldwide 

Wh~le  worklng out the forecast balance of he1 and energy resources, we took into consideration 
the hlgher rate of economic development, which is a necessary precondition of the developmenl 
and rehabilltation of the branch, higher rate of improving energy effllclency To achieve these 
ends it is necessary to accelerate transfer to market economy principles in energy generation, 
transmission and distribution 

F~nal Report 
Volume 2 Append~x 2 Page 8 September 1998 



Georgia Electr~c~ty Sector Least Cost Development Plan 

IMPLEMENTING ELECTRICITY SECTOR REFORM IN GEORGIA 

McNeil Watluns 
Hagler&Ballly Consulting 

Abstract 

The problem is money, more precisely, the problem is lack of money Generators say, that 
Sakenergo does not pay them for the value of their generation Sakenergo says, that distnbutors 
do not pay them for the value of power delivered Distnbutors say that customers do not pay 
them for electncity delivered to homes and businesses And customers say that they don't have a 
reliable source of electncity, so why should they pay for what they don't get? 

Hagler Bailly under a program sponsored by USAID, has recommended, and the Government of 
Georgia has adopted, structural and practical solutions to the problem 

Structural solution the Electncity Law of 1997, the Georgian Nat~onal Electnc Regulatory 
Commission, tanffs and tmff methodology, market rules Stability, transparency and 
privatization 

Practical solution 1 Improv~ng collections at the Rustavi through a cornrnercialization pilot 
project 2 Disseminating the Rustavi expenence throughout Georg~a 
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MODELING THE DEVELOPMENT OF GEORGIAN POWER SYSTEM 
BY MEANS OF JPM@ COMPUTER MODEL 

Z.Shonla, U.Uchane~shvili 
Mln~stry of Fuel and Energy, Sakenergo D~spatch Center 

Abstract 

We present the data and assumptions which were inputted by the working-training group, after 
the completion of the training-working course, lnto the first preliminary version of the IPM' 
based long term planning model of the Georgian power system 

We explain the reasons behind inputting Into the model certain values and assumptions for the 
key parameters 11ke planning honzon, discount rate, reserve margin, run years, reglons and 
contracts 

Currently it is practically impossible to perform any accurate forecast~ng of the future (and even 
current) demand for electncity Thus several scenarios of economlc development will be lnputted 
and analyzed in the model 

We have included into the model the parameters of the designed prospective projects and 
existing power plants, their rehabilitation and modernization optlons, also the parameters of the 
existing and prospective hlgh voltage transmission lines The opportunit~es of power exchange 
wlth nelghbonng countnes have been prov~ded for in the form of existing and future energy 
sales/purchase contracts 

In the prellminary version of the model we have included two types of natural gas, two types of 
oil, and one type of coal This will allow to conslder the future possibilities of obtaining different 
fuels rrom different sources and at different pnces 

The information included in thls first version of the model is prellminary and requires further 
refinement, however, it reflects some main parameters of the power system 
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ELECTRIC ENERGY AND CAPACITY BALANCES IN THE PLANNED 
REGIONS 

B Kozhor~dze 
Sakenergo 

Abstract 

The Georgian Power System (GPS) suffers from the power and capacity shortages almost over 
the whole year This is caused by unreliable operation of generating units, lack of maintenance 
and repairs and the deficit of base power from the Gardabam Power Plant In case of Gardabam 
shutdown the system operates at the lower reliability margin In this the 90% of generation takes 
place in the West Georgia, while 55% of load is in the East Failure of 500kV transmission line 
in such conditions leads to the complete blackout of the system 

It is desirable to perform a Least Cost Plamng study Although a concept of GPS development 
already exists, LCP will give a more clear idea on usefulness of the planned measures 

The GPS was initially divided into five regions, whch is sufficient for determimng the electnc 
energy balances in the regions and power exchange with other countnes However, due to the 
specific pattern of generatlon and consumption, we believe it will be necessary to conduct also 
the model runs for two regions - East and West of Georgia 

It is impossible to develop the energy and capacity demand forecast for the model regions for a 
10 year penod, however today's data provided below will be helphl in defining the future 
projections 
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THE ECONOMIC AND ENVIROMENTAL FACTORS OF 
HYDROPOWER DEVELOPEMTN PRIORITY IN GEORGIA 

A Ch~tanava 
Design Institute "Hydroproject" 

Abstract 

Current status of the Fuel and Energy Complex of the country is extremely unstable and it does 
not cover even the requirements of secure and steady development of the economy This is 
malnly caused by the fact that In the former Sov~et Un~on Georgian energy sector was planned 
and constructed so as to meet the needs of the former integral power system It is practically 
~mposs~ble to eliminate the negat~ve Impact of this hentage in a short penod and ~t requires long 
time and substantial financing 

The main cnter~on, which should be used while forming the power market of an independent 
country is the ut~lization of own energy camers for electricity generation In Georgia this 
problem may be solved by means of local hydropower and coal, the resources of which are 
sufficient and available in Georgia The problem of util~zing other energy camers should be 
solved on case by case basis according to the efficiency of then use 

The results of the research conducted In our institute indicate that the use of hydroenergy for 
power generation is dlrectly related to the beginning of economic revival of our country This is 
also in conformity with the health, environmental protection, safety and global tasks of energy 
business 
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OPPORTUNITIES FOR HYDROPOWER DEVELOPMENT 

M. Saunders 
Harza Eng~neers 

Abstract 

The rehabilitation of existing hydroelectnc projects is probably the most cost effective way to 
provide the near-term energy required to restart the Georgian economy Not only is there enough 
existing generation to meet current needs, but also there is sufficient hydro capacity to meet the 
near-term to long-term needs When th s  hydro development is mixed with other sources of 
generation, the Georgian power sector can have a reliable, cost-effective system 

The existing hydroelectnc system is in poor condition pnmmly due the inability of Georgia to 
properly maintain the equipment There are at least four sources of published information on the 
condition of existing hydro plants in Georgia, TACIS, BEA, Harza, and Sakenergo The 
reported information is, for the most part, inconsistent and, judging fi-om the different emphasis, 
incomplete We would expect that the information developed by the Sakenergo would be the 
most comprehensive as it is probably denved fiom discussions with plant personnel We have 
only five such condition assessments when it has been reported that these assessments exist for 
all of the existing plants We need th s  information 

There are literally hundreds of potential projects for hydro development that are reported to have 
been identified It is also understood that reports exist for many of these potential projects The 
reports are in vanous formats ranging fiom conceptual to detailed Although these reports have 
been requested, to date, only a few have been obtained 

Our work program is based on the use of existing information Information that is exists but is 
not made available to us w l l  reduce the benefits of the study 

We have selected about 22 existing projects as appropnate for inclusion in the Georgian least- 
cost development plan For planned projects, we will select projects based on the level of 
information available We would like to have about ten to twenty projects covenng the entire 
country with a range of installed capacities varying between 10 MW and the larger planned 
projects 

For the existing plants, we will attempt to confirm the requirements for rehabilitation and to 
update the costs of the rehabilitation To the extent possible, we will divide the rehabilitation 
requirements into "immediately required" and "life extension needs" It is our plan to develop a 
set of requirements and to visit some of the plants to check these requirements with the plant 
personnel to make sure they are complete and current The increase in energy as a result of the 
rehabilitation will be est~mated as the difference between the long-term design-level average 
annual generation and the average generation over the last nine years We would like to be able 
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to determine the detenoration of average product~on over the last ten years, however, we are only 
able to obtain information presented as averages 

For the potential projects, depending on the lnformatlon received, we wlll estimate, confirm, or 
check the cost of development To accomplish thls update in the cost, we will need a 
comprehensive descnption of the features of the project, plans and sectron draw~ngs if available, 
materials quantities if available, and equlpment speclficat~ons To confirm or develop estimates 
of energy product~on, we wlll need relevant hydrologic information combined w ~ t h  the 
previously mentioned equlpment charactenstics 

At the present tlme, our data and lnforrnation collectron actlvlties are preventing any substantla1 
progress In the performance of our assignment The cond~tlon assessments for e x ~ s t ~ n g  plants and 
the conceptual and more detailed reports on the planned projects, reported as available by the 
Sakenergo, have not all been made available We have very llttle tlme left for data collection if 
we arc to meet the project schedule If no addit~onal lnforrnat~on is forthcoming, all costs and 
estimates of energy production will be based on the existing publlcat~ons 
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DEVELOPMENT PROSPECTS OF POWER PLANTS OPERATING WITH 
FOSSIL FUEL 

Temur Mlluashvlli 
Burns & Roe 

Abstract 

Dunng the recent penod techca l  condition of the exlshng Georgian power plants operating 
with fossil fuel (heat power plants) has considerably detenorated Mainly th s  is due to the 
obsolete eqmpment and lack of funds needed for overhaul The situation is worsened by the fact 
that there is dlspanty between the received amount of money and transmitted electricity, which 
on its part causes problems for purchasing fuel 

Ths  abrupt drop in the availability of thermal power plants has caused a deficiency of basic 
capacity and made the cnsis of the energy sector even more acute 

Dunng the energy sector reform the restoration and possible increase of thermal capacity can not 
be postponed This must be acheved by an optimal combination of improved existlng facilities 
and highly efficient modern technology 

Within the USAID financed program, Burns and Roe Inc has studled the current condition of 
the existing thermal power plants and estimated the optimal options of their rehabilitation 
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TRANSMISSION PLANNING IN THE CONTEXT OF DEVELOPING THE 
LEAST COST PLAN 

Thomas R Fecho 
AEP 

Abstract 

The first objective in developing a least cost plan is to assemble accurate information about the 
power system from a vanety of sources The information needed includes the power and energy 
consumption patterns and forecasts, transmisslon system representation and operating 
charactenstics, and the exlsting and planned power generation resources The collect~on and 
organrzatlon of t h ~ s  ~nforrnatlon can be used to characterize the power system in vlew of current 
operations and alternat~ve planning honzons 

The formulation of the least cost plan 1s a multi-part and multl-dimensional process requlnng 
technical Input from a broad range of specialties The assembly of technical information, 
however, in Itself IS not completely adequate for the development of the least cost plan Policy 
directions, perhaps complementary and perhaps contradictory, for the mid- to long-range penod 
must also be outlined to develop alternative plans that will gulde the future direction of power 
system development In short, the least cost planning process wlll provide a formalized approach 
to solvlng the complex problem of how to develop the power system in a most cost effectwe 
manner to meet the future planning objectives 

In thls context, transmisslon planning will involve a three-part process The three parts include 
the following First, operat~ng data for the exlsting system and information about the planned 
transmission projects will be collected Second, the data collected will be used to develop a 
slmpllfied but representative model of the transmisslon system sultable for use in the Integrated 
planning model This model wlll subdlvlde the power system Into internal planning areas and 
wlll ~nclude representation of the interconnections to neighbonng country power systems Thlrd, 
the results obtalned from the integrated planning model will be used to validate the model 
solutlon through power system simulation by conventional means (steady-state analysis using the 
load flow program) Step three will be repeated as necessary to provlde a reasonable degree of 
assurance that the least cost plans produced by the Integrated planning model will be technically 
vlable In view of the simpllfy~ng assumptions made In the formulation of the integrated plannlng 
model 

The scope of the information to be collected and the s~rnpllfied modellng of the national power 
system are descnbed 
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UTILIZATION OF RENEWABLE ENERGY RESOURCES AND 
PROSPECTS OF THEIR DEVELOPMENT IN GEORGIA 

N Meladze 
Min~stry of Fuel and Energy 

Abstract 

Damage to the environment caused by human actwities has already reached unpredictable sizes It will 
not be an exaggeration to say that we have already reached the margins when the welfare and even the 
life of future generation greatly depends on the harmornous relation with the Nature 

Since 1980 the utilization of renewable sources has been increasing in Georgia Special Department 
"Spets-heliotbomontazhi" has been established, which has started design, production and installation of 
solar collectors 

Solar water heaters of 140 000 m2 total thermal surface area were installed in the Former Soviet 
Countnes, of whlch 80 000 m2 thermal surface area was installed in Georgia 

Dozens of wells have been bored in vanous regons of Georgia for the purpose of extracting and 
utilizing of geothermal ground water Currently up to 300 sources of thermal water of 6 0 ~ - 1 1 0 ~ ~  
temperature have been recorded, total output of these sources equals 80 000 m3 per day 

Practical utilization of natural geothermal water in Georgla has started in 1973 Thermal water was 
supplied to Tbilisi, Samtredia, Menji, Zugdidi and other locations 

The supply of thermal waters was reduced in 1990 because of the well known reasons and the activity 
in this field was entirely stalled In 1996 due to great efforts of the Ministry of Fuel and Energy, thls 
sector has started reviving A special department was established at the Ministry, where the appropnate 
organizations and experts were coordinated These activities greatly promoted the System of 
Geothermal Water Supply 

The Ministry of Fuel and Energy has reviewed the ways of improvement and hture development of the 
geothermal resource water utilization in different directions Close cooperation with different countries 
has been established (particularly with USA, Germany, Ukraine, Japan, Denmark, France, Israel and 
others) 

"Burns and Roe Enterpnses" together with "Geothermex" and Georgian companies "Geothermia", 
"ARCI" and "Saqburggeothena" has worked out a business-project, in accordance with 
contemporary standards, for the purpose of rehabilitating geothermal wells on Zugdidi-Tsaishl deposit 
in order to supply the city of Zugdidi with thermal water 

The above mentioned activities will be greatly supported by the Solar Forum, or the International 
Business and Investment Meeting, which will be held on July 23-24, 1998 at Krtsanisi Governmental 
Residence in Tbilisi This Forum will discuss the Pilot Project for the settlement "Mziun" 
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IMPLEMENTING NON-TRADITIONAL POWER GENERATION 

John Hallberg 
Burns & Roe 

Abstract 

Some amount of electnclty could be produced from most of the many non-trad~tional 
(renewable) energy sources in Georgia whlch Dr Meladze mentioned, Many scientists and 
experts In Georgia have studied and developed the technologies to utilize thls energy to reduce 
the country's dependence on imported hels  Utilizing this energy in the form of heat can also 
offset the use of electnclty for heat generation 

Because of the prevlous Sovlet Union preference for building large fossll and nuclear power 
plants and a large integrated transmiss~on system, non-traditional (renewable) energy was 
considered as a novelty, of interest only to scientists and academics The Least Cost Investment 
Plan for Georgia has included investigation of non-traditional (renewable) energy sources for 
possible generation of electnclty 

Of the substantial resources of geothermal, solar and wlnd energy which can be util~zed rn 
Georgia, wlnd energy has the greatest potentla1 It IS also the most highly developed technology 
for producing significant amounts of electnclty at competitive cost As much as 730 MW of 
capacity generating more than two billlon kilowatt-hours of electnclty per year could be installed 
at four sites The cost of building a wind farm in Georgia is less than $1000 per kW, and the cost 
of producing electnc~ty can be less than $0 04 per kW, depending on the type of financing The 
paper glves a general descnptlon of wind power, wind generators, projects, and answers 
questions and cnticisrns about the subject 
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DEMAND SIDE MANAGEMENT 

W Dr~es 
Dries Assoc~ates 

Abstract 

Demand Side Management "DSM" is essential for reducing the electncal loads on a system By 
changing the time and size of loads on the system the required investment in generation, 
transmission, distribution and end user facilities can be optimized Therefore the of DSM is 
useful as a part of the Least Cost Plan for Power "LCP" 

The benefits are lower costs for the consumer, increased reliability and less pollution of the 
environment 

The way DSM works is by reducing the load by changing the energy type, increasing the 
efficiency of the energy use and changing the time of use 

Important components of DSM are collection of hstoncal data of energy use and costs, 
compmng the available energy efficiency options and selection of the best options to be 
considered in the LCP These data are used in the LCP computer model to determine the 
optimum benefits for the consumers and suppliers of electncity, and to plan investments and 
policy programs 

CENEf has identified and collected data on some of the best energy efficiency technologies for 
Georga 

The model worked out by CENEf shows the potential for savings and their impact on future 
electncity needs 

Data from CENEf work and additional data on energy efficiency measures will be used in the 
LCP The most effective measures will be identified by the LCP computer model 
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Prospects of Development in Power Generation 

It is widely acknowledged that the energy sector development plays a declslve role In the 
restoration of Georgian economy, as it determines the level of Industry development and the 
quallty of life of the population The Western countnes have long ago recognized thls truth 
calling energy sector the "locomotive" of the economy 

Power generation and its utilization has a hundred years of history in Georgia The first power 
plant was based on a thermal englne and was commiss~oned In 1987 through the initlatlve and 
sponsorship of Ilia Chavchavadze, while in 1998 a hydro power plant (103 kW) was 
commiss~oned whlch was the first HPP In Georgla and the second in the whole Russ~an emplre 

The power sector of Georgia 1s one of the oldest in the former Sovlet Unlon It was developed in 
accordance wlth the development concept of the Unlted Power System of USSR 

At present Georgian power sector compnses two thermal power plants, 60 large, medlum and 
small hydro power plants and about 400 substations The length of power transmlsslon lines IS 

more than 100 thousand krn, of which 10 thousand krn is the length of 35 kV and higher voltage 
lines 

Total capacity of the power plants is 4628 MW, of whlch 2732 MW (more than 60%) is that of 
the hydro power plants 

The most important power plants are Engun Hydro Power Plant located In the West Georgia and 
Gardabani Thermal Power Plant - In the East Georgia Engun Hydro Power Plant of 1300 MW 
capacity, with a unique arch dam, was comm~ssioned in 1978-80 Gardabani Thermal Power 
Plant is presently the only base power plant in Georgia It has 1850 MW of installed capacity but 
due lo the complete depreciation of the first four units ~ t s  installed capacity now equals 1200 
MW, while operating capacity does not exceed 600 MW 

Due to electrlc power pollcy implemented In the former USSR, the preference was given to the 
establ~shment and development of ~nter-system connect~ons instead of generation capacities 
Georgia became more and more dependent on the imported power Dunng this penod Georgla 
lost the opportunity to develop ~ t s  own hydro potentlal In such a situation more than half of the 
power generation was by thermal power plants whlch operated totally on imported fuel 

After the dis~ntegratlon of the former USSR the existlng power system has also disintegrated 
Parallel operation wlth the neighbonng countnes and import of fuel almost free of charge has 
stopped The power system has lost half of its potentlal and could not balance generation and 
consumption levels Total blackouts caused by emergency situations became frequent 
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The power sector has operated under such conditions since 1990-ies, problems becoming more 
and more complicated every year, especially d u n g  winter penods As the economic links with 
the other former Soviet republics were lost, import of equipment, spare parts, oils, lubncants, 
chemicals, insulation matenals etc has ceased This situation was aggravated by the constant 
lack of h d s  As a result, capacity factor at power plants decreased abruptly The consumers 
were senously and justly displeased 

D u n g  the recent years there were some signs of the energy system stabilization The 
degradation process has been stopped and there are already signs of some progress, as t echca l  
and economic parameters of power stations improved due to rehabilitation works implemented 
by means of local and foreign funding 

I would like to pay your attention to the present condition of the Georgian power sector and the 
ways of its improvement 

Dmng the last decade power generation in Georgia dropped twice from 14 24 to 7 23 billion 
kWh The structure of generation has also changed if in 1990 the share of hydro power plants in 
total generation was 53%, in 1997-1998 it increased sharply up to 85-88%, as purchase of 
expensive organic he1 had become a very senous economic problem Consequently, the only 
base power plant - Gardabani Thermal Power Plant - has turned into a seasonal one, operated 
only dunng winter penods Its annual generation does not exceed 1 billion kWh Due to the fact 
that natural gas supply to the population had ceased and distnct heating system is no longer 
operating, the share of power consumption in household sector increased dramatically from 16% 
in 1990 to 65% in 1998 The share of power consumption in the industrial and other economic 
sectors fell accordingly Power losses in the gnd increased from 16-18% to 25% The situation 
was worsened by the reduction of oil production in Georgia fi-om 3 30 million tons in 1983 to 
134 thousand tons in 1997 As compared to 1989 natural gas consumption in 1998 dropped from 
5 to 0 8 billion m3 Coal production dropped fi-om 1 5 million to 50 thousand tons Power import 
from the neighbonng countnes also fell from 3 564 to 0 087 billion kwh 

The pnonty direction for overcoming the cnsis must be the development of nch hydro resources 
of the country, on basis of which it is possible to generate 40 billion kWh of power In the short- 
term penod ~t is possible to rehabilitate the existing hydro power plants which can add 2 - 2 5 
billion kWh electnc power m nearest two or three years 

Feas~bility assessment proves that expected power consumption by year 2000 will be 10 billion 
kWh, by 2005 - 12 billion kWh, by 2010 - 15 billion kWh In order to cover such demand it is 
necessary to rehabilitate the existing power facilities, as well as to commission new ones To 
achleve this goal the Khudoni Hydro Power Plant of 700 MW installed capacity must be 
commissioned by 2010, the cost of this project equals 450 million US dollars At the same 
time 450 MW capacity Narnakhvani Hydro Cascade (cost $ 600 million) and 120 MW capacity 
Paravani Hydro Power Plant (cost $ 160 million) must be commissioned 
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Bes~des, on the temtory of Georgia, on a short sectlon of the nver Chorokh~ an 80 MW Hydro 
Cascade must be constructed There is a proposal to construct a dlvers~on channel directing a part 
of the nver Tergi flow to the nver Aragv~ gorge and bulld a high head (1200 m) 60-75 MW 
hydro power plant w ~ t h  little flowrate It will help to increase capac~ty and generation of Jlnvall 
IIPP, though thls Issue must be solved at the hlgh intergovernmental level, based on mutually 
beneficial conditions 

Specla1 attention must be paid to hydro power plants that operate in seasonal regimes, such as the 
power plants on the nvers Nenskra, Khramzeni, Paravan~ etc (proposal of the Power 
Englneenng Institute of Georgia) 

Intenswe constructlon of small hydro power plants must be camed out According to the existing 
data in 1-2 years t ~ m e  it is possible to rehabil~tate about 80 hydro power plants with total capaclty 
of about 35 MW Besides, it is posslble to construct hydro power plants of total 44 MW capacity 
at the exlsting 6 dams In this case the constructlon costs wlll be considerably lower than m case 
of new construction 

In order to Increase reliability and operability of the power system ~t is necessary to construct a 
pump storage plant of 1 mlll~on kW capacity on the Engury Hydro Power Plant 

Together with the constructlon of hydro power plants it is also expedient to develop base-load 
thermal power plants Unlt No 10 at Gardabani Thermal Power Plant has to be rehabilitated and 
Unit No 11 must be constructed, so that operating capacity of the plant becomes 800-1000 MW, 
w ~ t h  annual power generation 6 b ~ l l ~ o n  k w h  The poss~bil~ty of constructing In the West Georgia 
a thermal power plant operating on local coal must be studled Its assumed capacity is 200 MW 
One of the optlons for operating this facllity is to burn coal In the form of suspension, which 
would make the coal burning process simpler and cheaper Together with the rehabilitation of 
industry the autonomous thermal power facil~ties of some large lndustnal enterpnses, such as 
Rustavi Metallurgical Plant, Batumi 011 Processing Factory and Kutaisl Automobile Factory 
have to be restored and comm~ssioned It is necessary to gradually restore, at least partially, the 
central~zed gas and heat supply systems, thus reduce abruptly power consumption in the 
household sector 

Georgia was the first among the former USSR republics that started utll~zat~on of gas turblne 
fac~llties In autumn 1998 it is planned to commission four used gas turblne units, each of 15 G 
MW capaclty, in Batum~ One can consider thls project to be used as base pattern for installation 
of s~mllar but larger facllltles later In Gardabani Thermal Power Plant (company "Rolls Royce"), 
Tb111si Comblned Thermal Plant and in Gldani ("ABB") 

At present the opportun~ties of selllng peak energy, whlch IS 3-4 times more expensive than base 
cnergy, are not used effectively This can be achieved through exchange of power wlth the power 
systems of the neighbonng countnes Azerbaijan, Armenia, Russia, Turkey, Iran 

Marketing should be camed out In order to determ~ne actual peak demand In Azerbaijan, 
Armenla, Russia, Turkey and other countnes and an agreement must be reached on base and 
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peak power tanffs, after which it will be possible to receive 1 million kW peak capacity for 
export without additional investments, by means of changing 24 hour operating regimes of 
regulating hydro power plants Through the intersystem connections with these countnes it is 
possible to export peak power dunng 3-5 hours a day and also receive fiom them base power by 
means of the same lines dunng 15-20 hours a day Besides, an agreement on power tanffs must 
be reached on the international level Later, in order to solve problems connected with the 
construction of daily regulation hydro power plants, the number of involved countnes has to be 
increased and long term agreements have to be signed on selling winter peak and summer base 
power Ths  agreements can include the possibilities of investing foreign capital into the 
development of Georglan hydro power plants with the further creation of new capacities and the 
possibility of payback by means of peak power Such decisions will make possible sigmficant 
increase of construction of new hydro power plants by means of foreign investments 

We consider that it is of extreme importance to construct a hydro cascade on the nver Mtkvan 
Utilization of the nver flow includes such important spheres as energy sector, melioration, 
mitigation of flood consequences and improvement of the sanitary condition of the nver 

The population growth in the nver Mtkvan basln and development of melioration resulted in 
senous problems in using water resources With the growth of water consumption there is acute 
deficiency of water d u n g  certain months It is possible that t h s  deficiency will increase in the 
nearest future and it will be difficult to fill the nver basin with water The problems are also 
expected in water supply to the Gardabam Power Plant 

In order to solve this problem a scheme for construction of a cascade with 25 hydro power plants 
on the nver Mtkvan was worked out (installed capacity 1 million kW, power generation - 5 
billion kwh) Capacities of hydro power plants vary withn 18 - 50 MW range By means of 
regulating water dunng certain penods, it will be possible to reduce water deficiency in the nver 
Mtkvan and concentration of harmfbl matenals by increasing water flow Accumulation of water 
in reservoirs can reduce danger of floods 

While forecasting energy sector development it is necessary to take into consideration 
implementation of energy saving measures whch can considerably reduce the energy 
consumption growth 

In our opinion the measures which must be implemented for improving energy efficiency are as 
follows Implementation of urgent repair works at hydro power plants and hydro structures in 
order to eliminate losses caused by filtration whch reduce power generation by 10-20%, 
Rehabilitation of hydro power plants In order to improve economlc parameters, Restarting of 
operation of those units that are not operating at present (Vardmli 2, 3, 4, one unit of Engun 
Hydro Power Plant etc ), Observation of the hydraul~c regime, Selling of peak power to the 
neighbonng countnes, Construction of hydro pump storage plants, Automatization of the 
operating hydro power plants 

The measures listed below have to be carned out to increase the efficiency of thermal power 
station units actual condition of the energy equipment has to be determined by means of thermo- 
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chemlcal tests, heat losses must be reduced andlor eliminated (incomplete combustion, 
mechanical losses and losses fiom the surface, losses through exhaust gases, leaks of steam and 
condensate, transfer of the operational regime of Unlt No 9 from the separatory to the dlrect one, 
etc ), optimal vacuum has to be established in the condenser by regulating the flow of circulation 
pumps, condenser tubes have to be cleaned applying the ball cleaning method, continuous and 
reliable operation of reagent composition controllers has to be provided, design parameters of 
steam before the turblne must be retained, the steam boilers and energy equipment must be 
regularly washed, power consumption for the station service must be reduced, hlgh pressure 
reheaters must be operated (at Unit 9), the feeding water and heavy oil design temperature must 
be retained, reliable operation of automatic control systems and protecting systems must be 
achieved 

There are vanous renewable energy resources in Georgia - wind, solar and geothermal 

According to est~mates wind resources in Georg~a equal lo1* kwh It can be assumed that in the 
d~stant future economically justified power generation from wind can become 2-3 billion kwh 
At present a number of research institutes have elaborated feasibility studies of the projects that 
must be constructed first of all 100 MW wlnd farm on the Sabueti mountain with 0 55 billion 
kWh annual generation, 5 MW wind farm near Pot1 port - wlth 7 mlllion kWh annual generation 
and on the bank of the Chorokhi nver, near the village Kapandidi - 50 MW capacity, 105 million 
kWh annual generation 

In Georgla there is a great potential for using solar energy According to estimates it equals lo5 
billion kWhours First of all solar facilltles must be constructed for thermal energy generation - 
water heatlng Georgia has long expenence In this sphere As for power generation it IS still an 
expenswe technology that can be applied m future 

Georgia is nch in geothermal resources which are practically not used now There are only a few 
baths in Tbilisi and geothermal hot water is supplled to 30 000 consumers in Saburtalo distnct 
Existing geothermal distnct heating systems (Zugdidi, Khob~, etc ) and systems of geothermal 
water supply for technical purposes (for greenhouses, food product conservation factones) are 
depreciated and need rehabilitation In case of complete utilization of geothermal energy 
resources ~t is possible to make an economy of 250 000 tons of conventional fuel 

According to experts' opinion, the share of the non-traditional renewable energy sources can 
reach 10- 12% in 15-20 years time 

As a result of great effort on the part of Georglan government and specialists Involved In the 
energy sector of Georgia, also due to financial support of international organizations, the power 
sector of Georgla IS gradually gettlng out of the deep cnsis The tlme has come when the 
emergency operation mode must be substituted wlth an econom~cally efficient one As financial 
resources are limited, a very timely and important task is to find the least cost optlons for the 
restoration and further operation of the power sector 
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At present, within USAID program a least cost plan is being developed for the energy sector of 
Georgia till 2010 applying a computer model (an Integrated planning model) It provides the 
possibility to work out a model for the long term to optim~ze the dispatch system, construction of 
new and rehabllitat~on of old power plants, construction of new transmission lines, control of 
power consurnptlon, opt~m~zation of import and export The results then can be compared to 
those received by means of tradit~onal methods, thus the pnonty tasks and the most expedient 
measures for the power sector development will be determined 

Thus, a new stage beglns in the development of the energy sector of Georgia We hope that it 
will be advantageous for the sector, as well as the future of our country 
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V Metrevell 
Electrogadatsema 

Current Status and Prospects of the Georgian Power System Transmission 
Network 

In the near past the Georglan power system operated being united Into Trans-Caucasian and 
North Caucasian power system with hlgh voltage 500, 330 and 220 kV transrnlssion links 
Formation of energy balance of the Republic was carned out based on the own power generation 
(75-85%) and power Imported from the neighbonng (Azerbajan, Russia, Armenia) countnes 

Due to the fact that In the Georgian power system mainly the peaking power statlons were built, 
and the development of power facilities went behind the growth of power demand, the power 
defic~t dunng the wlnter penod achleved 25-35%, however due to synchronous operation with 
the neighbonng power systems, the stability of GPS operatlon was maintained, using exlstlng 
reserve capacities and pick capacity exchange 

Synchronous operatlon of the Georgian power system with other power systems depends on 
rellable and safe operatlon of the power system transmission network 

The main funct~on of State company "Electrogadatsema" is to provide an un~nterrupted power 
supply within the terntory of Georgla and operation, repair and development of transmisslon 
llnes 

The following high voltage transrnlssion lines are operated by the Company 

- 220 kV maln transrnlssion lines of 1690 krn length, 
- 35- 1 10 kV d~stnbut~on power transmisslon llnes, 8 144 krn length 
- 500 kV - 2 substations - 13 transformers- 2153 MVA, 
- 220 kV - 17 substatlons - 54 transformers - 3495 MVA, 
dlstr~but~on substations (35-1 10) of 5627 MVA total capacity 

Due to geographic and economlc conditions of the country the 220-330-500 kV transmiss~on 
network was constructed according to the backbone clrcu~t pnnc~ple Loop construction process, 
started in the early 80-~es, was Interrupted due to difficulties in Georgia in the last few years 
Only one 220 kV loop around Tbilisi-Rustavi region is currently In operation It provldes safe 
funct~oning of Ksanl-Tbil~sl link even In case of fallure of 500 kV llne There is no adequate 
reliab~l~ty on Ksanl-Zestaponi and Zestaponl Engun sectlons The problem can be solved only In 
case of construction of 500 kV llnes Tbilisi TPP-South Georgla-Did1 Zestaponl and Did1 
zestaponi-Djvan ss transmlsslon lines and construction of 500 kV substatlons in Akhaltslkhe 
and Jvan 
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Construction of 246 km long 500 kV transmission line Tbilisi-South Georgia-Zestaponi started 
in 1988 After termination of funding (it was funded by centralized capital investment) in 1993, 
construction was stopped Line construction was being carned out by four construction 
companies Only few of construction facility bases still exist on the nght of way 

At the same time, the constructed sections were robbed in 1993-1997 The expected cost for its 
completion, talung into account the costs of similar constructions, amounts to $95 rnln 

Restoration of mentioned line is of hgh  importance not only for improvement of Georgian 
power system safety, but also for Georgian and Turlush power systems connection, whch can be 
performed by means of 500 kV Tbilisi-South Georgia-Zestaponi, Akhaltsikhe-Karsi transmission 
lines and 500 kV Akhaltsikhe substation 

The design work for 500 kV substation has been already started At present only substation 
reconnaissance works are carned out, without survey of water supply options 

Due to the absence of funding, design-exploration work is not carned out currently According to 
data of the institute "Energokse~project" in case if decislon is made concemng this issues, it will 
be possible to start construction works in 6 months time 

At 500 kV Akhaltsikhe substation installation of one 501 (3x167) MVA capacity transformer 
with 220 kV side is provided for Design work for 500 kV power transmission line from 
Akhaltsikhe to Turlush border has not started yet 

D u n g  the negotiations on the issues of economic cooperation between Turkey and Georgia the 
parties, at the level of governments, confirmed their readiness to construct high voltage 
transmission line This idea was subsequently supported by Azerbajan, who is willing to 
participate in the project 

Construction of 500 kV transmission lines "Tbilisi-South Georgla - Zestaponi" and "Zestaponi - 
Jvan 500" will provide another 500 kV circuit between Tbilisi TPP and Engun HPS, in this case 
the safety of capacity transmission from the West to the East and vice versa will be increased, at 
the same time it will be possible to receive additional capacities fi-om neighbonng power systems 
(Russia, Azerbajan) and to transfer power to other systems 

New 500 kV transmission line "Akhaltskhe-Karsi" provides a very important opportumty to 
Georgian power system to enter the market of Black Sea countnes, which will be another step 
forward for Georgia Since Turkey has planned a 20 year deficit of capacity, all countnes of the 
Black Sea basin try to establish economic cooperation with Turkey in this field, but Georgla has 
an advantage because of its geopolitical conditions Trough the existing 220 kV Batumi-Khopa 
power transmission line power transit from neighbor systems to Turkey is currently carned out 
Maximum conductivity is approximately 4 mln kWh per day, though real conductivity of 
existing line is 250 MW, 1 e 6 mln kwh per day However to use the full conductivity of existing 
220 kV transmission line Turkey-Georgia and to acheve 6 million kWh power transmission per 
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day will be possible only after repair and rehabilitation works at "Batumi 220" substation and 
adjacent transmission network which is evaluated at $4mln 

As mentioned above, loop creation process started in 80-~es, was stopped due to well known 
reasons For instance, 220 kV transmission line Senakl-1-11 has been stolen and has to be 
restored, construction of 220kV transmission line Gldani-Ksani was not finished, similarly 
design of 220 kV transmission line Ksani-Khashun was given up According to the Georgian 
power system development plan, construction of Bzipi-Psou transmission line was decides To 
provide secure power supply to railway and industnal entitles, construction of 220 kV Mol~ti, 
Chlatura, Sarntred~a sub-stations and corresponding transmission lines was intended 
Performance of these measures will allow to easier implement the Tacis project wh~ch prov~des 
the parallel operation of Transcaucasus and Turk~sh power systems Turk~sh system operates In 
parallel with power systems of other countnes This will provide creatlon of strong power system 
wh~ch will be advantageous for Georgia in the hture and will promote development of hydro 
resources and reliable energy sector, permitting use of the system for power transit and export 
The most attractwe projects for neighbonng power systems are those , which provide additional 
peak capacity This will promote creation of a strong basis for country's power system and 
whole economy 
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I Shekriladze 
Parliamentary Comm on Energy 

PROSPECTS OF GEORGIAN POWER SYSTEM DEVELOPMENT TOWARDS 
REGIONAL INTEGRATION 

An integrated planning model of the Georgian energy system is at present being 
developed within the technical assistance program of USAID The work has to become an 
important new stage in determination of the least cost ways of the power sector rehabilitation and 
its fiu-ther development 

Electnc power industry is one of the most extensive and profitable industnal branches in 
Georgia (manly due to its hydro sector which operates using local renewable resource) 
Investment needed for reconstruction-rehabilitaton does not exceed $500-600 millions Market 
pnce of estimated annual production is about 700-800 million dollars, while the cost of 
purchased he1 does not exceed 100- 150 million dollars After reconstruction the cost of the main 
assets will reach 8-10 billion dollars 

According to the above estimate, the present and forecast parameters of the regional 
electnc power market, the restored and modemzed power system will be able to cover the 
demand not only within the country, but also export power abroad, thus filling the budget and 
generating Investment capital 

Georgian power system should be considered integrated with power systems of 
neighbonng countries It must reach such a level, at whch not only its potential of exporting 
peak energy will be realized, but it will also export the base load power and become an 
instrument for significant power transit 

D u n g  the recent years Georga has already made a number of important steps towards 
regional integration of the power system, namely 

Georgia joined the energy charter and took corresponding obligations regarding free export- 
import and transit of electnc power, 

Georgian Electncity Law provides the generation licensees with the nght to export power 
based on the contract pnces without an approval fkorn the Regulatory Committee (Article 
31 31, 

Georgian Electncity Law provides the dishbution licensees and dlrect consumers of power 
with the nght to import power based on the contract pnces without an approval fiom the 
Regulatory Committee (Article 33 3), 

Georgian Electncity Law obliges the transmission licensees to provide operation of 
transmission lines in compliance with the requirements of generation and distnbution 
licensees, charging the pnces and following the terms set by the Regulatory Committee 
(Article 32 6), 
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Thus, the model of Georgian power system must Include the forecast of the regional 
market development and determine marginal parameters for each scenano based upon thls 
forecast 

Besides, as it has already been stated in the "Concept of Georgian Energy Sector 
Development" worked out by the author (1992), natural conditions in Georgia and exlsting 
hydro resources provide the possibility for creating economically profitable and efficient 
pumped storage system of regional significance 

This opinion can be backed by the following arguments in the Concept 

The problem of extensive electricity demand dunng peak (especially in winter) and surplus 
generation dunng the night hours This problem has become even more acute lately after 
working out of the mentioned Cencept, 

Existence of high voltage power transmission llnes with total capacity of 3000 MW 
connecting Georgia with the nelghbonng countnes It is unrealistic to load these lines with 
other power flows 

Possibility of creating a pumped storage plants using the existing reservoirs, or those under 
construction (Khudoni), thus reducing capltal investments and construction penod and 
minimlzlng negative impact on the environment 

High economic efficiency of pumped storage power plants is observed in Europe, Arnenca 
and Japan, even when completely new reservoirs, dams and transmission lines are built (w~th 
greater capital investments and construction penod) 

Based on the above matenals, it becomes evident that additional requirements must be 
met to create an adequate model for the Georgian energy system Othenv~se, it may happen so 
that the model wlll fail to reveal the most promising and advantageous direction of the power 
industry and consequently bnng negative results 

Along with the overall positive opinlon regarding the model, some cntlcal remarks are 
due concerning the project implementation process 

A senous shortcoming is that leading Georglan specialists of computer modeling are not 
part~c~pating in the project As a result we can recelve a model without full understand~ng of its 
ideology, which may make it a dangerous authoritative fetish 

The second important shortcom~ng is connected wlth giving the task of analysis and 
forecast of Georgian economy and energy sector development to other country As a result the 
funds for implementing the research were used in Russia rather then in Georgia Thls actually 
converts the part of this project - into technical assistance to Russia 

Naturally a questlon anses, that if it is possible to subcontract a part of the work, why 
these subcontractors are not sought In Georgia Especially taking into consideration that 
scientific research in many important spheres is degrading due to the lack of funding, in certain 
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cases even temporary hnding of such work might bnng greater advantage then direct official 
goal of technical assistance to Georgia 

Of coarse the above mentioned cntical comments are mainly directed against 
deficiencies in the work of the Georgian party of the project 

At present, only some a part of the project has been implemented We hope that the above 
shortcomings, at least partially, will be eliminated dunng the further work on the project This 
especially concerns the issue of l e m n g  the power system model ~deology by Georgian 
professionals It is my firm belief that otherwise the results of the project might become harmful, 
rather than beneficent 
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Adam Kreczko 
ICF Kaiser International, Inc 

WHAT IS IPM AND HOW WILL WE USE IT IN GEORGIA? 

Workshop on Georgia Electnc Power System Least-Cost Plan, Tbilisi, June 1-2, 1998 

A Need for the Least-Cost Plan 

Reconstruction of the electnc power sector is one of the key elements of a successfhl economical 
recovery of Georgia Currently, the Georgian electnc power sector expenences significant 
problems For example, out of 5,090 MW of total nameplate installed capacity of power plants 
In Georgia only an estimated 1,400 MW is avatlable for operation Electnc generation in Georgta 
declined by more then half between 1985 and 1996, from 14,405 GWh to only 6,900 GWh 
These facts Illustrate the magnitude of the necessary reconstruction efforts, which translates into 
s~gn~ficant needs for investment resources Given the scarce capital resources in Georgia, 
d~fferent international financial institutions will have to be extensively lnvolved in this effort 

Although electnc power system planning is not a new issue in Georgia, a Least-Cost Plan 
developed according to a methodology famlllar to the potential investors will play a declslve role 
In communicating the investment needs of the Georglan electnc power system to the 
lnternatlonal financial community Such a plan will also provide a comprehensive, long-term 
perspective for potential pnvate Investors who will consider bnnging their cap~tal resources to 
Georgla A well tested methodology will also be very valuable for the Georgian utility 
executives and pollcy makers who are focusing on reforming the Georgian electnclty sector 
along open market lines 

Consldenng the above, the United States Agency for International Development (US AID) 
declded to sponsor the development of a Lest-Cost Plan ustng a well recognized and accepted In 
the U S methodology The project management responsibil~ty was contracted to a well known 
U S engrneenng company, Burns and Roe Enterprises, Inc 

Choice of the Methodology 

The ICF Kaiser's Integrated Planning Model (IPMO) was selected as the best cholce for 
developing a long term Investment plan for the Georgian electnclty subsector This was based on 
the evaluation of specific features of the model and the w ~ d e  expenence In using IPMO for the 
development of Least-Cost Plans in the U S and overseas An additional important factor for the 
cho~ce was previous positive expenence wlth modeling NIS electnc power systems 

A number of electnc power system planning activities done under prevlous US AID Eunded 
programs In the NIS tnvolved the use of the IPMO technology IPMO was employed to develop 
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a computer based model of the Russian power gnd, which was used to assist in the development 
of least cost expansion plans for the entire Russian power sector for the Joint Electnc Power 
Alternatives Study (JEPAS) IPM was also used for justification of the Krasnodar Power Project 
in the neighbonng North Caucasus power gnd It is currently being used in the least cost plan 
study for Russia's Northwest power gnd 

The modeling methodology must address a number of specific issues important for the Georgian 
electnc power system The key Issues are as follows 

Rehabilitation of existing generating capacity 
Seasonal dynamics of hydro-power generation 
Changes in load patterns in different regions of the country over the next 10 to 20 years 
Identification of transmission bottle-necks and means for their elimination 
International exchange of electnc power and related transmission issues 
Optimal allocation of resources between electnc generation, transmission and demand side 
management measures 
Reducing environmental impacts 
The IPMO methodology provides adequate measures to address all the above issues 

What is IPM? 

IPMO is a Linear Programming optimization model that determines a proper and most efficient 
way to meet overall electncity demand and related centralized heat demand for both distnct 
heating and industrial use System dispatch, deterrninlng the proper and most efficient use of the 
existing and new resources, is optimized for vanous combinations of generating and 
transmission Decisions the optimal combinabon of facilities are made on the basis of 
mimmizing the net present value of capital plus operating costs over the full planning honzon 

Model inputs include customer demand, existing utility generating unit charactenstics, new 
resource option charactenstics, existing unit rehabilitation, upgrading options, system operating 
constraints, fuel pnce forecasts, transmission link charactenstics, the pnces and availability of 
outside power purchases and sales agreements, and environmental emission constraints 

The IPMO is a dynamic electnc utility p l m n g  model developed to help decision makers plan 
system capacity and model the dispatch of electncity by individual u t s ,  plants, or aggregates of 
plants The model consists of a linear objective function, which is minimized given a set of 
vanous linear constraints 

History and Present of IPMO 

IPMO has been under continuous development at ICF Kaiser- for over 15 years Over a million 
dollars have been invested in its design and development It has been developed in response to 
the needs of a vanety the U S and international clients 
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IPMO has been used to model a vanety U S electnc utllity systems, such as Arkansas Power and 
Light, Carolina Power and Llght, Flonda Power and Llght, Pennsylvania, Jersey, Maryland 
Power Pool, New England Power Pool, New York Power Pool, Southern California Edlson, 
Tennessee Valley Authonty, Public Service of Indiana, Southern Company, Wisconsin Power 
and Llght, Salt River Project, San Dlego Gas and Electnc It is currently the main tool used by 
the U S Envlronrnental Protection Agency to simulate operation of the entire U S electnc power 
system It has been used by such well known research institutions as Electric Power Research 
Institute (EPRI) and Edlson Electnc Institute 

IPMO has been also extensively used in a number of international projects In addltion to the 
previously referenced studles for the Russ~an electnc power sector It was used by the Spanish 
electnc utllity Red Electnca and the Pollsh Power Gnd Company Red Electnca used IPMO for 
the development of least-cost plans dunng the integration with the West-European electnc power 
system For the last three years, the Polish Power Gnd Company has been uslng IPMO as the 
main analytical tool for the development of the least-cost plans for the Polish electnc power 
sector 

Model Structure 

From the mathemat~cal point of view, IPMO is a set of linear equations and inequalities, subject 
to a linear objective functlon 

The objectlve hnctlon of IPMO is a h e a r  formula, whlch conslsts of the present value of the 
sum of all costs over the time honzon to be evaluated These costs are for both the generation 
and transmisslon of electricity and centralized heat (1 e , vanable costs, that Include fuel and 
vanable operation and maintenance costs), the construction of new plants and transmisslon links 
as well as rehabil~tatlon and retrofitting of the existing units (1 e , capital costs), and fixed 
operating and malntenance costs The objective function also Includes costs and revenues 
resulting from exogenous power purchase and sales agreements In addition if demand-side 
management and conservation are under consideration, costs associated w ~ t h  these programs are 
also In the objective function If it happens that the system IS unable to meet the forecast 
demand, costs of unserved energy are also included in the objectlve fknctlon 

To account for necessary reliability of the electnc power system operat~on, IPMO includes 
reserve margln constraints The reserve margln constraints define a minimum margin of reserve 
capaclty (in megawatts) per year for each region within the system It is also possible to define 
jo~nt  reserve margin constraints for groups of regions or for the entire system If exlsting plus 
planned capaclty IS not enough to satisfy reserve requirements, the model wlll add the requlred 
level of new resources, consldenng thelr performance In the entlre planning honzon 

The key concept of the IPMO methodology is representat~on of the electnc load as seasonal Load 
Durat~on Curves (LDC) The LDCs are approximated with rectangular blocks whlch correspond 
lo spccific groups of hours in each season Each segment defines the minlmum amount of 
generation requlred to meet demand at different polnts In tlme The model optimizes d~spatching 
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of generating umts over the different segments of the LDCs, subject to a number of operational 
constraints of the units 

Generation constraints specify how much electncity each plant can generate given its capacity 
and seasonal availabihty The model can take into account the cycling capabilities of the units, 
1 e , whether or not they can be shut down at night or on weekends, or whether they must operate 
at all tlmes, at least at some mlrumum capacity level In add~tion, IPMO also has other 
constraints that are used for dispatching hydro and pump storage units 

The model can simultaneously analyze any number of regions that are linked by transmission 
lines The constrants define either a maximum MW level on each link, or a maximum level of 
transmission on two or more links (joint limits) to different regions IPMO also provides 
capabilities for optimization of a construction of new transmission links between the regions 

The version of IPMO used in the current study includes constraints that represent centralized 
heat balances These constrants specify how much of centralized heat needs to be generated by 
co-generating units and boiler houses In each region a number of such constraints can be 
specified Each of them may be used to represent different centralized heat sub-system 

The model also includes a comprehensive structure for modeling Demand Side Management 
measures Constraints of t h~s  section of the model account for such important features of the 
DSM measures as market penetration, and time dependent patterns of energy savings 

One of the significant strengths of IPMO is ~ t s  vast capability in modeling environmental 
implications of electnc power and centralized heat generation IPMO can consider a vanety of 
pollutant constraints, such as S02, NOx and C02, and additional constraints defined by the user 
The constraints can be implemented on either a regional or plant by plant bass The constraints 
can be defined as either a total tonnage cap, or a maximum rate In kg/GJ 

Key features of IPMO 

The optimal solution generated by IPMO is the least cost mix of utility resource to satisfy 
electncity demand and centralized heat demand on a seasonal basis, for each region, for a multi- 
year time honzon The solution is reported in tables that show total generation by region, 
generation by individual u t s ,  vanable and fixed costs, transmission levels between regons, and 
vanous other tables 

IPMO puts the costs and benefits of all options on a "level playlng field", ensunng that all costs 
and benefits are treated on the same basis and that model decisions are not arbitrarily blased 
IPMO accomplishes this by using the following techniques It discounts all costs to a base year 
and includes them in a single, multi-year objective function IPMO's formulation properly 
accounts for the end effects The model includes in the objective funcbon only the portion of 
capltal costs that will be incurred as annual payments d u n g  the p l m n g  honzon IPMO 
calculates total discounted costs over the entire study honzon by Including all the years of the 
study honzon in the objective function, rather than including costs only for the actual run years 
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It is essent~al, that IPMO considers on the equal basls costs and benefits related to d~fferent 
elements of the system, such as exlstrng generating capacity, existing transmisslon lines, 
potentlal and rehabil~tated generat~on capaclty, new transmisslon bullds, demand side 
management optlon, as well as existlng and potentlal contracts for internat~onal power exchange 

The verslon of IPMO used in the current study provides two d~fferent approaches to account for 
changes In reglonal load shapes dunng the planning honzon The conventional approach used In 
developed countnes requires chronological hourly load curves as Input for all the regions and all 
run years In the planning honzon Since this type of data IS not routinely recorded in NIS 
countnes, the version of IPMO provided for the current study has been also equipped w ~ t h  an 
alternat~ve approach where typical sets of load duration curves are used as input 

An ~mportant feature of IPMO for the current study is its capability to model repowenng and 
retrofitting of existing generating units IPMO provides algonthms for optimization of staged 
reconstruction schedules of such units This includes upgrading of less economically effective 
plants with a more cost-effective technology (e g upgrading of simple gas fired units to 
combined cycle units), environmental retrofitting of existing units that cannot meet 
environmental standards, as well as upgrading less energy efficient boller houses to co- 
generating units 

One of the important features of the IPMB model is its capability to model operation of systems 
with a heavy concentration of hydro-power plants IPM@ 1s routinely used for modeling hydro- 
power plant operat~on in the U S natlonal electnc power system simulat~ons performed for 
Environmental Protection Agency (EPA), as well as in vanety of other projects In the NIS, 
IPMB was successfully used for modellng hydro-generation for the entire electnc power system 
of Russia dunng the Joint Electnc Power Alternat~ve Study, and for simulat~ng hydro operations 
in the North Caucasus Gnd 

Hydroelectnc resources are represented in IPM based on the following input data 

1 Installed and reserve margin capaclty 
2 Cap~tal costs, fixed and vanable operation and maintenance costs 
3 Seasonal capac~ty factors 
4 Seasonal capacity availability 
5 Must-run requirements 

Installed capacity and reserve margincapacity is specified in the input data set for existlng hydro 
plants For new hydro resources, lower or upper bounds can be speclfied In the input data set If 
no bounds are speclfied, the model wlll determine the unconstrained optimal amount of hydro to 
be bullt For existlng hydro, reserve margin capacity is specified in the Input data set in 
megawatts For new hydro, a reserve margin capacity fraction given by the user is used to 
determine the amount of new hydro capaclty that will be available to meet the peak load 

The cost data for hydro resources is essentially the same as needed for other types of capaclty 
However, fuel costs are zero for hydro resources 
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Seasonal capacity factors are key inputs that specify how much energy will be generated by 
hydro plants in each season In IPM@, an additional constraint is created for each seasonal 
capacity factor specified by the user in the input data set 

To account for seasonal differences in dispatchable capacity, IPMO provides features for 
defimng changing from season to season capacity availability 

For each plant in a system specific seasonal must-run requirements, or "area protection 
fractions", can be used to force a plant to operate at a minimum level The model also specifies 
the load duration curve segments in which the plants must operate Ths  feature IS used for hydro 
resources to specify the mimmurn level of operation in different seasons and segments of the 
load curve 

Many detailed and summary reports can be generated by IPMO Individual sections of reports 
can be included or excluded from IPMO output at the user's discretion A useful feature of 
IPMO is that the entire model solution is stored, and additional detailed reports can be generated 
from the stored solution as the need mses IPMO version to be used in the study has an option 
that allows to express input and output data in metnc w t s  IPMO provides a very 
comprehensive set of reports ranging from an aggregated summary of the entire system operation 
to detailed dispatchng patterns in each year, season, and load segment 

How Will We Use IPMO in Georgia? 

The main assumption of the current study is that the Least-Cost Plan for the Georgian electnc 
power system will be developed in Georgia and by Georgian specialists in direct contact with 
decision and policy makers The U S consultant involvement will concentrate on providing 
methodological gmdance and teclmcal support for the software The license for IPMO will be 
extended for the penod of next two years and it is our strong hope that after the complet~on of the 
current project, IPMO will remain in use in Georgia, providing continuously improved long-term 
basis for malung decisions about the futures of the electnc power system 

In the first phase of the modeling effort Georgian specialists have been trained in using the 
model, over the penod of four weeks at the headquarters of ICF Kaiser in Fairfax, Virginia 
Dunng that time, a preliminary formulation of the model has been des~gned based on discussions 
between Georgian specialists and the Amencan consulting team members from Bums and Roe, 
Amencan Electnc Power, Harza Engineers and ICF Kaiser, 

The Georgian electnc power system will be modeled with a number of regions connected w~th  
each other with existing and potential transmission links Although the least cost plan will 
explicitly address years until 2010, the modeling tlrne honzon will be expanded further into the 
future to account for the whole-life-cycle costs and benefits of the investment projects that w~ll  
be decided upon in the nearest future Considemg sigmficant differences in seasonal 
availability of hydro-power, as well as seasonal differences in load patterns, the whole year will 
be split into number of seasons Only the major generating umts will be modeled as separate 
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declsion variables, whlle smaller units will be aggregated Into groups of slmilar performance and 
cost characterlstlcs The major exlstlng generating unlts wlll be provlded with a number of 
opt~ons for their further operation The model wlll make optlmal choices between a continuation 
of their operation in existlng technology, possible upgrading of the technology, and early 
retirement The model will ~nclude a number of border transmlsslon nodes to account for the 
costs of buildlng transmlsslon llnes that will serve the needs of lnternatlonal power exchange 
The exchange of power with neighbonng countnes will be represented wlth a number of existing 
and potentla1 power purchase and sales contracts, with expllcltly defined pnces for electnc 
energy In different years and seasons 

Further detalls of the preliminary formulatlon of the model will be presented In a subsequent 
presentation prepared by the Georgian specialists who are in charge of the model Any 
comments and/or suggestions about the formulatlon of the model will be of cruc~al value for the 
success of the project 

Concluding Remarks 

The following remarks emerged from the d~scussions between Georglan and Arnencan project 
team members In the initla1 phase of the project 

It would be difficult to ldentlfy a commodity of a comparable to electnc energy importance for 
the economical recovery of Georgia 
Reconstructlon of the electnc power sector wlll not only provide a highly des~red commodity, 
but wlll potentially generate significant number of highly productive work places 
Reconstructlon of the electnc power sector according to a comprehensive Least-Cost Plan may 
bnng to Georgla significant Investment resources provided at first by international development 
lendlng ~nstltutions, and subsequently by pnvate investors 
Successful reconstruction of the electnc power sector wlll show potential investors that Georgia 
IS the nght place to invest their resources 
Potential exchanges of electnc power with nelghbonng countnes based on mutual economical 
benefits, will not only reduce costs of meetlng electnc needs, but wlll also expand to many other 
areas of business cooperation In the region 

ICF Kaiser International, Inc, IS one of the United States' largest engineenng, 
construction, program management, and consulting services companies It comblnes the 
strengths of ICF Incorporated, a consulting firm established in 1969, and Kaiser Engineers, Inc , 
an engineenng and construction company dating back to 1914 Its 5,000 employees, located in 
70 offices around the world, provide servlces in four related market areas energy, environment, 
~nfrastructure, Industry The company reported gross revenue of $1 25 billion for the 12 months 
ended December 3 1, 1996 ICF Kalser's common stock trades on the New York Stock Exchange 
under the symbol ICF 
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N Kereselidze 
Energy Research Institute 

Concepts of Georglan Energy System Planning and 
Demand for Future 5-6 years 

T h s  year at the request of the Ministry of Fuel and Energy of Georgia the Georgan Scientific 
Research Institute of Energy, together with the specialists fi-om the Ministry of Fuel and Energy, 
the Ministry of Economy, Tbilisi State University, Georgian Polytechcal University, is 
carrying out scientific research on "Scientific Justification of the Long Term Forecast for the 
Georgian Energy Sector Development" 

In the future, the rehabilitation of Georgian economy, its further development and export of 
products to the world market will greatly depend upon the increase of the existing energy 
potential and rational use of fuel and energy resources 

It is well known that from the point of view of energy recourses Georgia turned out to be in a 
rather difficult situation as compared to other republics of the former USSR Its power sector was 
completely onented towards import of pnmary energy Georg~an energy sector had other 
problems as well Namely, there were many energy intensive enterprises (Rustavi Metallurgical 
Plant, Madneuli Ore Processing Plant, Rustavi Chemical Plant etc ) These plants consumed 60% 
of annual energy demand Due to these circumstances the power sector of Georgia constantly 
suffered from problems ansing fi-om the necessity to import pnmary fuel, whch became even 
more acute dunng autumn and winter seasons 

Since economic reforms have started, the above unfavorable conditions resulted in the necessity 
of a new approach to the energy policy whch provides different approaches to structural 
formation of the power sector m short, medium and long term than those used in 1980-ies 

In the short term (before 2000) the power demand of the country shall be confined manly to 
rehabilitation of existing energy facilities and techca l  modernization of obsolete facilities For 
this purpose , it will be necessary to reduce to the maximum possible extent the double 
transformation of energy in the household sector and communal services Techmcal and 
commercial losses of electnc power should be reduced abruptly It is possible to save 500 
thousand tons of conventional fuel by malung more effic~ent use of the energy resources 
(ellmination of double transformation) 

For the medium term (2005) together with the modermzation of the obsolete facilities, it is 
necessary to attract investments and construct some new projects 

In the long term (2010) the highest pnonty hsould be given to new construction of energy 
facilities and intensive exploration for new fuel resources 
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For thls tlme penods the minimum and maximum levels of electnclty consumption In connection 
wlth the growth rate of gross domestlc product (GDP) were determined The results are presented 
In the Table below 

It must be mentioned here that power demand is est~mated assuming that gas supply will be 
restored in Georgia, thus providing the posslbil~ty to reduce power consumption for residential 
use 

Parameters 

1) gross domestic 
product 
2 Power 
consumption 

Our forecast IS worked out using methodology accepted worldwide for detennin~ng the demand 
for energy resources, which is based upon the follow~ng principles and statistical data 

Detenn~nslt~on of the country's demand for energy resources in relation with macro economic 
prognosis, population growth rate, gross domest~c product, energy intensity of the sectors, 

Unit 
Measure 

billlon 
L m s  
billion 
k w h  

The share of local energy resources in the total consumption balance and the forecast of 
economically acceptable structure, 

Possible options of the energy market formation, forecast of market requ~rements and 
relations with reg~onal markets, 

1997 
(actual) 

6 4 

7 4 

Implementation of the energy saving policy In the household sector and communal services 
and government support of this policy, 

Systematic improvement of pnce regulation mechanism of the energy resource market and 
implementation of measures for the inner market protection 

Thus, we can state that the forecast of the country's demand on energy resources for 2000, 2005 
and 201 0 IS mainly based upon the forecast of macro-economic development worked out by the 
Ministry of Economy, with consideration of forecast data provided by EU, the World Bank and 
other financial agencles The economy development is reflected in the volume of gross national 
product, which is the main indicator of the population solvency Thus, balance of he1 and energy 
resources is based on the market charactenstics and provision of services to solvent consumers 

2005 

Flnal Report 
Volume 2 Append~v 2 Page 40 September 1998 

Minimum 
10 3 

13 5 

2010 

Maximum 
16 6 

14 5 

Minimum 
13 7 

16 0 

Maximum 
28 5 

18 0 



Georg~a Electr~c~ty Sector Least Cost Development Plan 

As we have already mentioned, the monetary value of gross domestic product is the indicator of 
the country's economic development It reflects the level of life of the population and production 
potential Consequently these parameters must be used for estimating the demand for energy 
resources within the country For example, gross domestic product of the USA and eight 
European countries vanes within $ 18 000 -24 000 USD per capita annually For Georgia, this 
indicator is at a cntical low margin, as it equals only 950 Lms  annually It is evident that under 
the circumstances it is difficult to forecast establishment of developed and stable energy sector 

Whlle worlung out the forecast balance of fuel and energy resources, we took into consideration 
the forestalling rate of economic development, whch is a necessary precondition of the 
development and rehab~litation of the energy sector The hgher rate is foreseen for improving the 
energy efficiency To acheve all these ends it is necessary to accelerate transfer to market 
economy pnnciples m energy generation, transmission and distribution To achieve th s  goal, it is 
necessary to accelerate implementation of energy policies, which will comply with the market 
economy pmciples, 1 e 

abrupt reduction of technical and commercial losses, 
regulating the market of energy resources based on the principals of market economy, 
promotion and stimulation of energy saving measures by the government, 
constant improvement of the tanff system and introduction of differential tanffs on energy 
resources 

Flnal Report 
Volume 2 Append~x 2 Page 41 September 1998 



Georg~a Electrlclty Sector Least Cost Development Plan 

Zurab Shonla, Ucha Uchane~shv~l~  
M~nlstry of Fuel and Energy, Sakenergo D~spatch Center 

PLANNING THE DEVELOPMENT OF GEORGIAN POWER SYSTEM BY M E A N S  OF IPM" MODEL 

Let me introduce to you the results of the work conducted by working group, for preparation of 
options for the Least Cost Development Plan of the Georgian Power System 

We studled the Integrated Planning Model (IPM) of the Power Sector which is the property of 
ICF Kaiser International, Inc One of the authors of the IPM model has represented its 
possibilities in his speech, yesterday 

A working group was established, which was staffed by Mr Brooks Howell, Bums &Roe, Mr 
Adam Kreczko, ICF Kaiser, Mr Tom Pecho, AEP, Mr Murman Margvelashvili, Bums & Roe, 
Tbillsl, Mr Ucha Uchaneishvlli, Government Company "Sakenergo", and Zurab Shonia, 
Government Company "Satbobenergoinformatika" 

I want to inform you, that I am a computer expert and specialist in mathematical modeling, that's 
why all the speclfic questions, related to the power system itself should be addressed to Mr Ucha 
Uchanelshvili, or other experts, who are working directly on those issues and will be able to 
provide a comprehensive answer 

M a ~ n  assumptlons of the model 

The group has prepared input data for the preliminary version of the Power System Development 
Model Let me introduce to you the basic assumptlons included into the model This assumptions 
might be considered as the first approximation of the model, and the purpose of our speech is to 
identify whlle discussion all the necessary amendments, which will refine the assumptions 
included in the model 

The plannlng penod for the model is considered to be 1998-2030 years This assumption was 
accepted in order to enable for the purpose to follow the full economical life cycle of power 
plants, to make a decislon whether ~t IS economical or not to continue their operation, and until 
what time 

Varlable discount rate is fixed at - 2000 - 20%, - 2010 - 17%, - 2015 - 15%, 2015 and - 10% 
later This figures might be very high and probably should be modified 

The costs of future projects are discounted to their present value for the starting penod 
Discounting implles that fbture activities have less importance while taking decisions today 

1998 prices are used for evaluation of all basic costs 
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Reliability parameter is fixed at 1998 - lo%, 1999 - 5%, 2000 - 0%, and 2000 and up 20% This 
constraint specifies the mimmum reserve capacity for each region of Georgia dunng a year 

We have included the parameters of about 64 power generation units (both, new and potential) 
into the model 

The dynamic modeling is performed for 4 seasons of 8 run years The 8 run years are selected 
from the planrung honzon are - 1998,2000,2005,2010,2015,2020,2025,2030 

According to power generation and consumption patterns a year is divided into several seasons, 
whch are charactenzed by different regimes of power generation and consumption In each 
season the power generated by every existing and potential power plant is dispatched according 
to the cover the projected demand in each region 

According to condibons of the power system, a year is divided into the following seasons 

Winter - December, January, February, March 
Features h g h  consumption, low water inflow to the HPs, 
Rainy Spnng - Apnl, May, June, July 
Features comparably low consumption, hgher inflow to HPs 

Dry summer August, September 
Features low consumption, low water 

Fall October, November 
Features increased consumption, Increased flow rate to the seasonal HPs 

For p l m n g  purposes the Power System is represented by five regions and five additional nodes 
for modeling the transmission lines 

To include into the IPM system model, Georgian Power has been divided into separate regions 
whch are specified according to their geographcal location, generation and consumption 
patterns, and transmission links to the other parts of the system and neighbonng power gnds In 
each separate region the forecast demand is satisfied by different energy sources In addition, 
reserve margin constraints account for reliability reqmrements of each of the regional sub- 
systems The division into regions enables to identify possible bottlenecks in transmission 
capabilities between different parts of the power system, and to evaluate different options for 
their eliminat~on 

Export-import of the electnc energy IS represented by 16 purchase/sales contracts 

Model Reg~ons 

One of the possible options of Georgian power system division given in the preliminary version 
of the model is shown on the map 
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* 1 - Slgnlficant hydrogeneration, low consurnptlon, llnked to Russia and other regions of the 
Country, 
2 - Center of consumptlon In Batuml, low generatlon, llnked to Turkey, 
3 - H ~ g h  level of hydrogenerat~on, lndustnal resldent~al consumption, 

* 4 - Low consumptlon, low generatlon, basically transm~ssion facilltles, lncludlng 500 kV 
potentlal link wlth Turkey, 
5 - Baslc thermal generation, high lndustnal and residentla1 consurnptlon, connected to 
power systems of nelghbor countries 

On the bass  of such dlvls~on the optimal version of lntrareglonal power generation development 
and electnc energy exchange wlth other reglons will be selected, the necesslty of additional 
interreg~onal transmission lines' construction will be determined 

Tlie Model of Power transm~ssion lines 

One of the cntena of dlvlsion the Power system into regions is the importance of interreg~onal 
transmission Ilnes They never provide modeling of the inter reglon transm~ssion llnes Only the 
general features of "inter" transmlss~on losses are taken Into conslderatlon while modellng 

Thanks to model the necesslty of lncreaslng the lnterreglonal transm~ssion capabllltles mlght be 
revealed Thus, the potentlal projects of constructlon of possible new transmisslon lines should 
be Included into the model 

Export- Import and translt of electnc energy may become important component of Georgian 
Power System functlonlng, and ~t should be considered in the model as well To analyze these 
posslblllties and, In addition, to estlmate possible optlons of Inter system transmisslon capaclty 
extension, on the basls of the of exlstlng ~nformat~on, we have Included into the model the 
constructlon projects of Gardabam-Zestaponi 500kV transmlsslon llne, Akhaltslkhe-Kars 500 kV 
and 400 kV and others as potential transmisslon llnes 

Demand Forecast 

Due to the present dynam~c development of the Georglan economy the demand forecasting In a 
long-term perspective becomes one of the most challenging parts of the project Thls problem 
will be addressed by applylng different scenarios (high, low, base) of the development of the 
country's economy The final demand curves wlll be denved on the basls of these scenarios 

Sens~tlvlty tests will be conducted to determine the effects of the speclfic assumptions made 

Here you see a slide wlth a table Including lnformatlon about electnclty demand according to 
reglons, whlch covers each year for the whole planning penod The total annual electnclty 
demands and peak load are shown 
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Power Plants ~ncluded into the Model 

For the purpose of considering the projections of power generation development, the 
rehabilltation and construction projects of the followng TPs and HPs are lncluded into the 
model 

TPs rehabilitation of "Old" units (4, 5, 6 )  of Gardabam TP andlor constructron of gas-steam 
combined-cycle units, construction of the 1 lth umt in rts onginal desig or as a combined-cycle 
unit, reconstruction of Tbilis~ CHPP and other existing TPs 

Rehabil~tatron of existing HPs and construction of new HPs are considered in the sector of 
Hydroenergy Plants 

On this and the following slides we have represented 64 generation units included into the 
model 

Electricity Purchase Agreements 

The model includes power exchange agreement projects with neighbonng countries The model 
can make choice of years and seasons appropnate for purchasing and selllng the electricity 

The sllde represents 16 contracts included into the model 

Results of the model 

The results of the model are represented in the followng reports 

1 Regional summary report 
2 Reserve and selling seasons and plant types 
3 Generation profile with respect to the load duration curve, 
4 Total annual costs, 
5 Total capacity, 
6 Cost of capacity increaseldecrease, 
7 Fuel expenses according to fuel types, 
8 Environment contamination by power plants and seasons, 
9 Power transmission, 
10 Account of fuel needs for Power Plants 
1 1 Thermal Generation 

Preliminary verslon of the model includes two types of natural gas, two types of mazout, one 
type of coal This w~l l  help to consider different options of fuel supply with different costs 
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The infonnat~on Included into the preliminary version of the model is just the approxirnatlon and 
requlres further refinement, though, at the same time ~t represents our current understanding of' 
some baslc parameters of the power system 
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B Kozhor~dze 
Sakenergo 

Electnc Energy and Capacity Balances in the Model Regions 

Dunng the current cntical condition in the Georgian Power System, developing its Least Cost 
Plan has importance both, for the system itself and for the whole country Due to tense political 
and financial situation in Georgia nothng has been done d u n g  the last ten years to develop the 
power sector Even more, in 1990-1995 substantial deterioration took place, both in generation 
and distribution systems Many hlgh voltage transmission lines and power plant facilities are 
damaged Power consumption structure has drastically changed Because of low production 
potential the industry consumes only 30-35 % of total consumption The consumption by the 
population has enormously increased mainly in winter, because of heatlng 

The Georgian Power System (GPS) suffers from the power and capacity shortage almost over the 
whole year Ths  is caused by unreliable operation of generation unlts, lack of hnds for 
maintenance and repairs and the deficiency of base power from Tbilisi Power Plant (TPP) In 
case of TPP outage In any part of a day the system operates at the lower reliability margin, that IS 

caused by the following 90% of generation takes place in the West Georgia, whle 55% of the 
load is in the East Georgia Failure of 500 kV transmission line in such conditions leads to the 
system blackout 

Developing of the Least Cost Plan and its implementation has crucial importance for the future 
perspective However, we already know about measures whch will immediately increase the 
reliability of power system operation, and will decrease the deficiency of capacity and electnc 
power A concept of the Georgan Power System Development has been already worked out, but 
the implementation of the present program and malung economic estimates wlll confirm the 
efficiency of measures provided in the above mentioned concept 

The energy demand and load forecasts for the planning penod is one of the important basis for 
the Least Cost Plannlng effort It IS practically impossible to foresee the exact picture of the 
economic development of Georgia and its regions, but the analyses of the recent years might 
approximately determine the load and electnc energy demands In the nearest future 

In the planning model of the GPS was initially d~vlded into five conventional regions 

Apkhazeti-Engun HPP-Vardmli HPP (hereinafter North Region), connected with Russian 
Power System 
Ajhara - Sarnegrelo Zone (hereinafter South Region), connected with Turkey 
Imereti Zone (hereinafter West Region) 
Shida Kartli-Meskheti Zone (hereinafter Central Region) 
Central Gnd- Kvemo Kart11 - Kakheti Zone (hereinafter East Region) 
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Division like that is suffic~ent for determining the electnc energy balances in the regions and 
power exchange requirements with neighbonng regions However, due to specific pattern of 
generation and consumption, we believe it will be necessary to conduct the model runs also with 
two reglons - East and West Georgia 

The program has a correct sequence of measures related to the development of the system The 
first stage is considered to be the rehabilitation of existing stations and grids, the second stage 
cons~ders construction of designed new projects and determining their pnonties 

The regions in the Program are considered on a seasonal baas, which is pretty charactenstic from 
the point of view of local generation and consumption patterns these are winter, flood penod, 
summer and fall 

It IS currently impossible to determine the energy and capacity demand for the model regions for 
the following 10 years, or more, whlle restrictions take place dunng the whole year and the 
plans of economic development of the Country and ~ t s  regions are not determined yet However, 
the current balances and conditions of the system network are suffic~ent for determination of the 
rncasures to be taken in the nearest future 
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A Chitanava 
Design Institute "Hydroproject" 

Prospects of Hydropower Development in Georgia 

For the last few years power sector became a polygon of large scale and useless expenments It IS 

still involved in political issues and is subject to non-professional polemics Such a situation will 
go on in the future, until basic decisions concemng short and long term power sector policy and 
its hture development will not be defined, namely 

- We have to determine the power consumption and give complete charactenstics of its 
parameters, talung into account alternative possibilities of energy supply 

- We have to decide what type power sector shall be created monopolistic or segmented, with 
centralized control or mixed cooperated management, integrated with neighbonng power 
systems or isolated, i e independently operated, however with possibilit~es of power exchange 

In the first case we are dealing with the sharp cut down of capital investments (40-50%) for 
power sector development and annual operational costs as well Also constraints (not exclusion) 
on comrnissionlng of new capacities, fuel saving, reliability etc 

In the second case opposite processes w ~ l l  take place In order to achieve the guaranteed power 
independence it is necessary to create a self balanced system onented towards local resources, to 
bnng the local measures for regional power supply into accordance with State interests, based on 
reliability and safety requirements to develop multiple, efficient loops within the country and in 
relation w~th  neighbonng systems, 

It is obvious, that the choice of energy carner for electnc power producbon, is an issue of 
strategic importance Energy carner has always and everywhere been a key to power policy and 
at the same time significant tool for economic, industrial and social policy Moreover, dunng the 
last 50 years the electricity consumption has become 40% of pnmary energy use i e it has 
increased 4 times 

As we have learned from the world expenence, this process shall be performed taking into 
account population demands Expenence of other countries, climatic sirnilanties or existence of 
resources are not enough, the process shall be conducted according to requirements of political 
and social structures 

Decisions on the above issues will have crucial effect on National Power Program development 
which IS unfortunately quite delayed We have to admit, that t h s  delay is greatly due to 
inefficiently of the government Some forces in society were against the increase of power 
generation and preferred power deficiency situation for their political aims The results were as 
follows neither safety of power supply, nor independence of national power sector was 
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ach~eved, Nelther industry, nor other branches of economy were protected from the cnsls, nor so- 
called optimization of pnces brought the desired results Money collection was stopped, market 
and competition disappeared, power generation was reduced, transmlsslon system was disabled, 
power consumptlon became wasteful Government is not able to control nelther power 
generatton (which is the most cntical), nor power consumption Everyone tnes to adjust pnces 
(as if generating competltive product) on electnc power and make their own profit Due to low 
frequency condit~ons power system was destroyed and populatlon incurred unrecoverable 
damages Power cnsis has become the main factor for poverty and emotional stress of 
populatlon How this problem can be solved3 

When analyzing dynarnlcs of energy balance dunng the scientific-technolog~cal progress, one 
sees the significant changes in the power Industry which are caused by economlc tendencies in 
the industry and by new economic policy Power consumptlon increases together with Increase of 
electr~c equipment and growth of industnal production, and at the same time decreases energy 
intensity Highly efficient economy causes cuttlng down of investments in power industry, 
population requires high quality services and environment protection 

In such contradictory condit~ons the increase of power consumption slows down but doesnlt stop 
completely The old rule of thumb of "dupl~cat~on in every 10 years" does not work any more 
and IS not expected to be restored The expenence of 24 Industrial countnes shows, that even in 
case of energy saturation the power generation increases by 1-2 percent per year, while in 
developing countnes from 4-5 to 10 percent annually It must be taken into consideration that in 
developed countnes electncity share is only 40% of total energy supply, while in developing 
countnes thls IS 10-20% What does it mean7 There is no perspective of overcoming the cnsis 
unless we wlll start considering the total energy balance per capita 

In 80-les, dunng more or less reliable electnc power supply to economy and population of the 
Republic, the share of electncity in the energy balance was 17%, the rest being fuels In total 
3000 kg of conventional fuel was consumed per capita Currently t h ~ s  parameter IS extremely low 
and achleves 800 kg - whlch is twice lowerthan the minimuml~vin~level  The highest pionty 
In overcoming the cnsis should be given to lmprovlng of energy balance whlch has to achieve 
1500-2000 kg per caplta by 2000 i e 7,5 mln tones per year Instead of present 4 0 mln tones 
Share of natural and llquid gas, liquid fuel and different types of he1 in energy balance shall be 
Increased, othenvise use of the electncity for all purposes, may lead overwhelming economlc 
problems The above shows that development of power sector has many directions and includes 
of fuel production and utilizat~on for transportation, industnal and household purposes and 
electncity generation It is obvlous, that there are many possibilities to solve the power sector 
problems, but the final goal should be to create a compet~tive economy and provide social safety 
of the populatlon 

Hence, ~t 1s unacceptable to increase power generation up to 18 billion kW/h by 2000 by means 
of rehabilltation and improvements at Gardabani TPP by following puposes 

Designed annual power generation for hydropower stat~ons is 9,8 billion kW/h After their 
reconstruction due to environment requirements lt will be possible to generate 8,O bill~on kW/h 
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instead of mentioned 9,8 billion kW/h As a result thermal power plants will have to generate 10 
blllion kW/h electncity, i e 9,10,11 units have to be put into operation, and after reconstruction 
and improvement of 8 old depreciated umts total 1800 MW capacity can be achieved Since 
specific fuel consumption per 1 kwh is 400 gr at thermal power plants, 4,O mln tones of 
conventional fuel worth of $320mln will be required annually It doesn't make any sense to 
attract such investments only for purchase of he1 The elecrtic power w ~ l l  not be affordable for 
the population and it electncity w11 be very expensive for industnal and agricultural production 
to make sense in the new economic situation In this case instead of economy growth economy 
enslaving will take place which will result in shutdown of all units, so, a cnsis in power sector 
will develop into economic calamity According to the worldwide expenence, when 1-2% of 
national income is invested in power industry, Georgia needs mmmum 40 billion annual 
national income in order to bear such expenses, however the annual revenue at present amounts 
to 3,5 billion Lms  

The electncity retail pnce must be main parameter determining the power sector solvency and 
annual power generation The share of power generated by thermal power plants should be 
determined based on the cost of electrrcity generated by hydropower stations and retail tanff 
fixed to less then 3 Tetns for all types consumers Talung into account the above circumstances 
and the power balance, we can conclude, that TTPP parameters for the nearest 3-5 years should 
be fixed to 700-900 MW capacity and 4 5-5 billion kwh annual generation Thus the power 
generation will reach 12-13 billion kwh, twice more then current value At the same time 
increased use of own fuel and energy resources, will enable reduction of electncity consumption 
in residential and industnal sectors The sooner we cut down the use of electncity for heating 
purposes (using other fuels) the faster financial recovery of the power sector will start We 
believe that electnc heating is 4,5 times more expensive compared to the expensive heat supply 
and causes 0,5 rnln Lms  losses daly only in Tbilisi Talung into consideration that due to new 
economic policy entrepreneur will be obliged to reduce energy intensity per unit product, it is 
obvious, that the above mentioned parameters of power sector can stop cnsis and extend the 
economy stabilization process by 2000 We have to admit, that it is not feasible to do more 
given the current economic cond~tions of population and the country 

In the penod of 2000-2100 the power policy must be directed towards solving a more global 
problem It will be the time to redistribute functions between h g h  and low quality power sources 
and fields of their application First of all we mean the use of low quality energy, i e solar, 
geothermal, biomass and other renewable energy sources, in decentralized heating and cooling 
systems and for other purposes as well Extension of areas of their application will provide 
saving of expensive fuel for power generation, decrease of electncity requirements and increase 
of gross national product As for local sources of hgh  quality energy, such as wind and 
geothermal energy, these are rather limited due to well known reasons, and since their share is 
only 0,4% of the total power generation of 24 developed countnes, we are not going to consider 
it now 

The same is true for local oil and coal extraction, whch is likely to be increased in the nearest 
future These fuels will not contnbute sigmficantly energy balance T h s  penod should be 
considered as an Initial stage for fuel import reduction 
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Extenswe construction of hydropower stations and commissioning of base capacltles In 
accordance with them, shall play a crucial role in the improvement of energy balance We mean 
construct~on of medlum and b ~ g  HPSs and of thermal power stations using local fuel (coal) As 
for small HPSs, low capacity thermal statlons and renewable energy sources, they shall be used 
to solve specific local problems and sat~sfy economic requirements of the owner consumers 
Unfortunately no senous measures have been camed out in this respect, just because, even today, 
local energy problems are not still consideredln relation to regional economlc interests Due to 
the absence of funding, development of Main Program of Use of Hydropower Resources IS still 
rmpossible and this circumstance hinders attraction of Investments to develop this high pnonty 
branch It seems strange, but currently we are unable to propose to the investors appropnate 
projects for construction and they make their own decis~ons concerning utilization of nver 
resources for power generation and are v~olating exist~ng standards and laws Even more, we 
have no opportunlt~es to present to International Organizations Investment proposals concerning 
construction of new hydropower projects and developed according to modem standards It will 
be imposs~ble to avoid such urgent problem as Khudon~ and Namakhvan~ hydropower stations 
construction, and nobody has nght to impede this process Construction and operation of such 
large scale projects is the matter of State Power Policy while small hydropower stations should 
stay w~thin-the competence of pnvate sector The pnvate sector has to take care of small scale 
thermal power projects and their development In relat~on to industrial needs In other words, 
return from power supply to electnc gnd will be low and unacceptable for pnvate investors At 
the same time, ~t must be noted that an Investor (owner) should not be Interested in supply~n 
power from small hydropower statlons to the gnd, due to low unified pnces, 1 e power generation 
from small hydropower stations and small business should be coupled and only in thls case will 
the recovery of cap~tal Investment become possible As for relations between power system and 
small hydropower stations, it must prov~de protection and safety of the latter, in order to maintam 
reliable and stable parameters in emergency situations 

Denationalizat~on of power sector projects shall be the man reformatory measure In the power 
sector It should not be conducted as a carnpalgn as In other industry branches In the nearest 
future we have to achieve centralization and concentration of regulation (controll) through 
retaining the control shares packages in Government ownership 

We should also manage, that the sector specialists obtain some pnonty nghts In ownership of 
pnvat~zed shares, in order not to be only hired personnel as it happens currently Thls factor of 
soc~al protection of the sector's special~sts should be brought effect as soon as possible The 
electnc energy generator plants should become financrally autonomous and be independent in 
decis~on making on corporate pollcy and Investments, otherwise the rel~abllity and safety 
degrade catastrophically and will bnng fatal results for our people The condition of Engur 
HPP IS cntical, espec~ally the approach to operat~on of ~ t s  arc-dam The norms of filling and 
emptying of the reservoir are belng violated over 18 years since ~ t s  commissioning Each year we 
artificially put a 10 mln tone civil construct~on Into unacceptable condition, whlch causes 
damagesof the basement and edge supports with unforeseeable results Furthermore, In present 
conditions it  is imposs~ble even to fbnd mlnlmal program of the dam monitonng 
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Jinvali hydro plant, Vartsikhe Cascade, honi,  Rustavi Dam and other sites are also in cntical 
conditions and emergency situations with tragic results are to be expected $US 68,O mln which 
equals to annual fuel costs for 300 MW thermal un~t, is enough for rehabilitation of hydro-plants 
to their full capacity dmng next 3-4 years, whrle the the resulting energy wlll be two times 
more T h s  is a simple calculation All avalable financial resources should be mobilized and 
directed to rehabilitation of hydropower plants until it becomes very late This is a cntical penod 
in Power System Development and nobody has a nght to diminish the importance of hydropower 
rehabilltation The most important problem is wasting of strategic reserve of water from 
regulated reservoirs 

The pnonty of hydropower development can guarantee the energy independence of our country 
Ths  IS the only way to develop the power lndustry on the basis of local resources wth local 
ownership Our goal is to receive inexpensive hydropower energy and its seasonal features 
shouldn't scare us Seasonal excess, should be converted first of all the lnto seasonal 
accumulation for the purpose of covenng peaks demand whle high load of Fall-Winter penod 
and for havind the reserve capaclhes in the system, in addition for covenng the demands of 
neighbor countries in saving expensive power and fuel On the contrary the daily pumped storage 
IS not reasonable, both due to existing capacity balance and the necessity of increase in number 
of fossil fuel plants Furthermore, it doesn't make sense fi-om the point of view of construction 
of independent power system 

It is evident from the above that selection of hydropower resources for powersupply to the 
country has firm economic basis, mainly its renewable nature and low costs of generation As to 
the resource of generation, it amounts to 140 billion kwh per year, out of whch only 8-9 billion 
w11 be generated in 2000 Water is the most important wealth of Georgia and its use shouldn't 
be limited to hydropower production The solution of the related problems like agricultural, 
water supply, and environmental will increase further the efficiency of hydropower projects and 
no other power carner will be able to compete wth  it Its environmental parameters w11 entirely 
be depended on refining the legislative and regulatory bases, on improvmg the letechnology of 
generation, and on awareness of population of the role of hydropower These factors should 
determine the structural changes In the Power Sector, whch will enable continuous power supply 
and universal service for all kinds of customers 

First of all an independent hydropower organization should be established in order to effectively 
implement the pnonty development program of Dven the sector Ths  orgaruzation should 
coordinate all the processes connected with hydropower utilization, generation, research, 
legislative and normative basis and demonstration of commerc~al results The orgamzation 
should have a mandate of decision malung in cntical situations, bnnglng into conformity with 
each other the programs of other compmes and agencies and hannorllzing their goals 

This is my vlew of the ways of Power Sector rehabilitation and development for the penod 
1998-2010 The main tendencies are reducing the energy lntenslty of GDP, increase in power 
generation, reduction of energy carners' import, provision of heat supply based on the own 
energy resources combined with energy saving measures All of these correspond to national 
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~nterests connected with health, safety, environment and finally with global problems of electric 
energy business 
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Temur M~k~ashvili 

PROSPECTIVES OF DEVELOPING THERMAL POWER STATIONS IN GEORGIA 

It is convenient to make a speech at the end of the seminar, because many Issues have already 
been discussed and there is not much left to talk about 

Yesterday it was mentioned that 

USAID is lundly assisting Georgia to solve the problems existing in its power sector, 
there is a computer model, 
we have a forecast of electncity demand in future 

In order to use the optimization model more effectively (further I will refer to the IPM integrated 
model as "the model") it is necessary to create a pnmary data base Such a base must be created 
for the Georgian thermal power plants as well In t h s  regard, two factors are of the major 
importance 

1) Current technical condition of the exlsting thermal power plants, 
2) Opiruons of Georgian experts concerning rehabilltation and further modernization of the 

existing energy facilities 

Yesterday Mr Makashvili discussed almost all the issues I would like to return to some of them 
and give the dynamics of energy generation (Transparency I), thus ones more directing your 
attention to the importance of the base capacities, the role traditionally given in Georga to 
thermal power plants 

There are three thermal power generating plants in Georgia 

Tkvarcheli - 200 MW, used only for power generation, 
Tbilisi - comblned heat and power generating plant, 18 MWelec and 100 

MWheat, 
Gardabani - 1 800 MW, used only for power generation 

Some large factones have their own autonomous generating facilities, e g Rustavi Metalurgical 
Plant CHPP - 150 MWeIec, Kutaisi Automobile Factory CHPP 

Of the listed plants Tkvarcheli Power Plant is practically not operating and its future is still 
vague Technical condition of the remaining ones is far from being satisfactory I will not discuss 
this in detsul as it is well known to you 

Transparency 2 shows the possibilities of the thermal power plant modernization Here lt is most 
important to select the optimal option T h s  task will be implemented by means of the IPM 
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model Meanwhile it  is necessary to make preliminary assessments Such attempts have already 
been made for Gardabani and Tbilisi Power Plants The possibility of modernizing old 150 MW 
units of Gardabani Thermal Power Plant by means of repowenng them into gas-steam combined 
cycle plants was estimated The same task has been camed out for the Tbilisi Combined Heat 
and Power Plant (transparency 3) Before selecting the combined gas-steam cycle for Tbilisi 
Combined Plant it  was estimated which scheme would be more effective for combined heat and 
power generation (transparencies 4-5) 

It must be noted that in Georgia contnbut~on to the implementation of gas turblne technology 
was made by V Gotsindze, G Chltashvili, 0 Kiguradze, V Jamaqashvili I would like to note 
actlve support and assistance provided by M Menteshashvili, B Chkheidze and M Kipsh~dze 
Also I would like to stress the effort and professional help rendered by G Makashvili and G 
K~asashvili 

The above is only a small part of the work which still has to be camed out Other options also 
need to be analyzed, such as d~esel generators, gas englnes, heat pumps, util~zation of local coal, 
"Kal~na" cycle, "Sterllng" engines, magnetic-hydro-dynam~c generators, atomic energy facilit~es 
etc 

At this stage the assessments are preliminary and answer the question what would have 
happened if the above options had already been realized? But the main question "which opt~ons 
will be optimal from the polnt of vlew of capital expenditure'" is still to be answered and we 
hope to receive the answer duly applying the IPM model 
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N Meladze 
Ministry of Fuel and Energy 

Utlllzatlon of Renewable Energy Resources and Prospects of Their Development 
in Georgla 

Damage to the environment caused by human activities has already reached unprecedented scale 
It will not be overstatement to say, that welfare and even existence of future generations 
considerably depends on our harmonious relationslup with the nature 

Utilization of renewable energy resources was growing since 1980 Special department 
"Spetshe1iotbomontazhi" was established, where design, production and implementation of solar 
collectors have been started 

Solar water heaters of 140,000 m2 total surface area were installed on the temtory of the Former 
Soviet Umon Among them water heaters of 80,000 m2 area were installed in Georgia 

Tens of wells have been bored in the vanous regions of Georga with a nch geothermal water 
potential in order to extract hot water and use it for vmous purposes Up to 300 places have been 
recorded with water temperatures of producing 6 0 ~ - 1 1 0 ~ ~  The existing operating wells can 
produce 80,000 m3 hot water daily 

Utilization of natural geothermal water in Georgia started in 1973 Thermal water was supplied 
to Tbilisl, Samtredia, Menji, Zugdidi-Tsaishi and other cities In August 1993 almost all wells 
had stopped operating except Lisi deposit 

In 1988 a wind turbine was installed and tested at the Georgian Energy Research Institute in 
Tbilisi 

A scientific-industrial center "Karenergo" worked on estimation of wind power potential in 
Georgia and design of small capacity wind turbines, but all those activities stopped in 1990 due 
to the reasons well known to you Activities in this sphere have been completely paralyzed Due 
to great efforts of the Ministry of Fuel and Energy, this branch has turned to revival in 1996 
Special department was established in the Mimstry, where orgmzations and specialists of this 
branch were united, thus promoting success of their activity 

The Ministry of Fuel and Energy considered the measures for overcoming the existing situation 

In each sphere and for development of their potential Cooperation w ~ t h  foreign countries has 
increased (especially with USA, Germany, Ukraine, Japan, Denmark, France, Israel and others) 
In 1997, Apnl27-28 a meeting of Amencan and Georgian Specialists took place in Tbilisi 
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With regard to utilization of wind energy, Georgian party closely collaborates with foreign 
companies, eg Japanese company "Nichiman" is in close collaboration with the Ministry of Fuel 
and Energy, the Wind Power Center "Karenergo" and the State Company "Sakenergo" They 
plan to build 10 MW capacity wind power plant on Sabueti mountain Their program is as 
rollows until September - in June, July and August, they will carry out test measurements to 
obtain wind data A contract will be concluded in September and by the end of 1999 the project 
will be completely constructed 17 wind turbines of 750 kW capac~ty each wlll be installed and 
the total capacity of the plant will amount to 10 MW The project will be financed according to 
the rollowlng fund distribution 60% will be financed by Japanese Export-Import Bank, 30% - 

, and 10% - by the jolnt Japanese-Georgian company If such scheme turns out to be 
successful, they plan to expand this project up to 100 MW capacity power plant 

In Georgia there are a lot of places rich in wind potential - Pot1 port, near the nver Chorokhl, 
Tbil~si, etc Thus, if construction of w ~ n d  power plants is widely developed In Georgia, our 
power system will get several hundred MW of additional capaclty 

Initiated by international energy center "Eneko" and financed by foreign organizations, solar 
thermal collector and photovoltaic panels have been installed in retarded children's school These 
units operate very well and the children have a stable power and hot water supply 

Ltd "Constructor" and the Institute of Isotopes have started production and installation of small- 
capacity 7-1 0 m3 biogas units Thls unlts are simple, they can be installed by a customer himself 

Implementation of such type of facilities in Georgia is a very important goal, as small cattle 
breeding, wh~ch is widely developed in Georgia, gives such possibil~ties 

Intensive works are camed out in the sphere of geothermal water utilization According to the 
present standards, Amencan company "Bums and Roe" together with "Geotherrnex" and 
Georg~an companies "Geothermia, "ARCI" and "Saqburggeothermis", developed a business- 
project concerning rehabilitation of geothermal wells in Zugdidi-Tsaishi reglon This project 
considers construction of agricultural sites and hot water supply to Zugdidi 

Currently about 10,000 families in Saburtalo and Vake distncts of Tbilisi have 62'-72'~ 
temperature geothermal water supply round the clock 

Us~ng the potentla1 of geothermal wells on Lisl section of Tbillsi deposit, a geothermal 
c~rculatlon system (GCS) can be created Thls system will glve the possib~hty to increase the 
geothermal water extraction 5-6 times and provide hot water supply to 50,000 families 

Company "Burns and Roe" in collaborat~on wlth "Geothermla" and "Sakburggeotherm~a" has 
perrormed preliminary measurements 

Ltd "Mze" started developing high concentration thermal collectors of new generation, which 
have the possibil~ty to work all over the year with high efficiency and low power cost 
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It should be mentioned, that the plant produces and sells solar water heaters, however it is 
necessary to increase the utilization of such kind of a product The quality of solar water heaters 
produced in Georgia is not less than the quality of similar devices produced abroad while the 
pnce is several times lower We hope, that if the Government carnes out the measures to 
promote the production of such equipment, the demand on the solar water heaters will increase 
Capacity of the plant is enough to satisfy increasing demand Utilization of solar energy, as well 
as utilization of geothermal potential, will greatly support operation of our power system, since 
the demand on hot water is mainly satisfied through electricity consumption 

The mentioned plant produces solar dryers for different lunds of fruits and tea leaves In case of 
rehabilitation of tea production in Georgia, utilization of solar energy for tea drying has a very 
promising prospects Thus a big amount of fossil fuel can be saved As an example, according to 
current estimates 20,000 tones of mazout is needed for these purposes 

We fully acknowledge an appeal of the President of Georgia to the General Secretary of 
UNESCO, Mr Fredenc Mayor regarding the fact, that Georgia is ready to become a polygon for 
testing and implementing modem technologies for utilization of vmous sources of renewable 
energy By building the settlement "Mziun" in Aspindza region, where many types of renewable 
energy sources are present, such projects can be successfully implemented in practice Energy 
supply of the settlement will by completely provided by renewable energy sources, widely 
distributed in this region (solar energy, small hydro power plant, geothermal water, wind, 
biogas) General project of "Mzim" settlement in Vardzia provides two residential compleces 
(each for 15 families) and the public center 

The pilot-project of "Mziun" settlement was presented at the international conference on 
Prospects of Sustainable Development of South Georgia, wbch took place in Tbilisi, January 14- 
17, 1998 Many highly qualified experts participated in this conference Implementation of thls 
project is an extremely important task as it can serve as a base model for implementation of the 
similar projects in other regions The new social-economic relationships will be established, 
training and education of the local specialists will start and the region will take new functions 
and acquire new development prospects The expenence obtained will be spread over to other 
regions, neighbonng countries and developing regions 

Such activities will be greatly supported by the solar forum, which will take place in Tbilisi, J1 ' j  

23-24 at Krtsanisi Governmental Residence, where international business and investrn-21 
meeting will be held The pilot-project of "Mziun" settlement will be considered there 
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Sh Zarand~a 
Ministry of Economy 

Reply On the Status Report on Development of Least Cost Development Plan 
for Georglan Power System 

The department of Energy Complex of the Ministry of Economy has studied a document 
prepared by the group of Georgian specialists and forelgn companies called "Least Cost 
Development Plan" which is a preliminary report on the status of works for developing a 
computer model for forecasting the fiture of the power system USAID assistance in t h ~ s  
project has evidently a great importance for restructuring rehabilltation and development of the 
electnc power sector Its ~mplementation will improve qualitat~vely the ~nvestment environment 
In the power sector, International financial agencies and banks wlll get a basls for financial 
assistance 

In sp~te of pos~tive significance of the document we have some comments on the content of the 
matenal presented 

1 Due to reallties in the power sector, the introduction should be formulated in the following 
way 
"In spite of efforts of Georgian specialists and International financial agencles the power 
sector and its infrastructure are still unable to overcome the cnsis and to stabilize the 
operations at economically justified level The problem of non-payments In the distnbut~on 
sector have completely altered the financial conditions of the sector Particular problems are 
met In the rehabilitation of the power system, to say nothing of its development It is also 
important that problems of non-payments affect the investment environment in the whole 
branch of economy 
Due to the above it  is necessary to alter some of the provisions of the power sector policy 
elaborated earlier Permanent deficit of finds has made impossible to implement many 
~mportant provisions of the TACIS program Thus, other approaches to the pollcy which will 
be adequate to the current conditions need to be elaborated " 

2 The concept of power sector planning has been presented in general, wlth emphasis on actual 
data rather then on the concepts It would be desirable to take Into account realistic 
economical parameters of the country and the amount of capital which may be actually 
mobillzed for rehabilitat~on and fie1 purchase Without this input it will be impossible to 
make medium and long range plans, as well as plans to enter markets of neighbonng 
countnes The main parameter in this respect is the GDP growth and corresponding energy 
and electnc consumption It would be desirable to account for the structure (mix) of fuel 
resources 

3 Although the presented matenal doesn't claim to be precise and is mostly of technical nature 
rather than economic and financial, lt IS important to properly account for the conditions of 
the Georgian power system and model them correctly, 
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4 Dunng the initial data collection effort it should be understood that in the transformation 
penod in Georgia there are some other problems as well The big fraction of industry is 
stalled and there is no proper accounting for energy resources The information provided by 
the Statistics Department in general and in relation to production and foreign trade is far from 
being accurate, which may be very dangerous especially in case of senous project Thus it is 
necessary to include the auditing task in the work program 

5 Developing the forecasts of the electncity balances for the separate regions will not lead to 
desirable result It is necessary to forecast the total energy demand in the regions and its 
different structure for different regions 

6 As it is evident fiom the presented material, the working group has decided to make 
maximum use of modern modeling technology and expenence obtained by developed 
countries However due to present conditions in Georgia it will be not applicable to the 
Georgian conditions and will be far fiom reality 

Consequently, we believe that it is necessary to create a temporary expert group by the M~nistry 
of Fuels and Energy which will be the project coordination u t  This will reduce to the 
mnlmum possible mistakes whch otherwise may be done m the project 
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Agenda 
Least Cost Plann~ng for Georglan Power System 

Workshop 

Sheraton Palace Hotel -Tbi l~s~  - June 1 and 2,1998 

June 1 Session 1 

Introduction - Brooks Howell, Burns & Roe Enterpnses, Inc 
Opening Remarks - Caryle Cammisa, U S Agency for Internat~onal Development 

M Menteshashvili - Deputy Minister of Fuel and Energy 

Short Presentations and Panel D~scusslon - "Issues and Opportun~ties for the Energy 
Sector" 

1 Current Status and Prospects of Power Generation - 
G Makashvili, ENERGOGENERATSIA 

2 Current Status and Prospects of Transmission - 
V Metreveli ELECTROGADATSEMA 

3 Current Status and Prospects of System Operations Control - 
B Kozhondze - SAKENERGO 
4 Prospects for Regional Integration of the Georgian Power System 

I Shehladze - Parliamentary Cornm on Energy 

Overview - Prospects for the Development of the Energy Sector in Georgia - 
M Menteshashvili Ministry of Fuel and Energy 

Session 2 
1 Creating Unified Information Environment in the Energy Sector -T Tsabadze - 

Ministry of Fuel and Energy 
2 What is IPM and How Will We Use It in Georgia7 - 

A Kreczko - ICF Kaiser 
3 Electnc Power Consumption and Peak Demand Forecast - 1998-2020- 

I Bashmakov - Center for Energy Efficiency, "CENEfY 
4 Planning for the Development of the Energy Sector in Georgia - 

N Kereselidze, Energy Research Institute 
5 Reforms for Electnc Power Sector in Georgia - 

McNeil Watkins, Hagler&Bailly Consulting 
6 Development of the Energy Concept for Georgia - 

N Melikadze, Center for Strategic Planning 

June 2 Session 3 
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1 Modeling the Georgian Power System Using IPM - 
e Z Shoma - SATBOBENERGOINFORMATIKA 

2 Energy Balances for Model Regions - 
B Kozhondze -SAKENERGO 

3 Aspects of Energy Demand Forecasting for Georgia 
R Khachatman - Energy Research Inst 15 min 

4 On the Expenence of Mathematical Modeling of Georgian Power System 
0 Solomoma- Energy Research Inst 10 min 

5 Prospects of Hydropower Development in Georgia - 
A Chtanava - Design Institute "Hydroproject" 

6 Opportunities for Hydropower Development - 
1) M Saunders - Harza Engineers 

7 Fossil Power Generation Development - 
T Mikiashvili - Burns & Roe 

Sesslon 4 
1 Transmission Planning in the Context of Developingthe Least Cost Plan - 

T Fecho - AEP Resources Service Co 
2 Prospects for Renewable Power Development in Georgia - 

N Meladze, Mimstry of Fuel and Energy 
3 Implementing Renewable Energy Opportunlbes - 

J Hallberg - Bums & Roe 
4 Demand Side Management OpportuIzlhes - 

W Dnes - Dnes Associates 
5 Work Plan for Project Completion - 

M Margvelashvili - Burns & Roe 
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List of Participants of the Workshop 
on Least Cost Planning for Georgian Power System 

US AID 
Caryle Cammisa Development Coordinator 
Levan Bakhutashvil~ Energy Project Assistant 

TACIS 
John Lynn Coordinating Unit, Team Leader 
Jean-Pierre Escnbe Energy Efficiency Center 
Tornike Gotsindze Monitor 

MINISTRY OF FUEL AND ENERGY 
Michael Menteshashvili Deputy Minister 
Telmuraz Tsabadze Deputy Mlnlster 
Nugzar Meladze Head of Dept 
Avtandil Ungladze Head of Dept 
Simon Bakhtundze Chief Specialist 

SATBOBENERGOINFORMATICA 
Ztlrab Shonia Chief of Dept 

MINISTRY OF ECONOMY 
S halva Zarandia Energy Expert 

MINISTRY OF ENVIRONMENT 
Mlchael Gurgen~dze Chief Expert 

ENERGY REGULATING COMMISION 
Demur Chomakhidze Commission Member 

PARLIAMENT SUBCOMMITTEE ON ENERGY 
Irakli Sheknladze Chief Specialist 

MUNICIPAL ENERGY COMMISSION 
Temur Chlncharauli Chairman 

ENERGOGENERATSIA 
George Badurashvili General Director 
George Makashvlli Deputy D~rector 
Goderdz~ Kiasashvili Head of Dept 
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Simon Baramidze Head of Dept 
Baadur Chkhadze Deputy Head of Dept 

SAKENERGO 
Emzar Chachkhiani General Director 
Bons Kozhondze Deputy Director 
Makvala Kandana Ch~ef of Department 
Ruslan Kutateladze Semor D~spatcher 
M m a n  Lomtatidze Chief Expert 
Ucha Uchaneishvili Dispatcher 

KARENERGO 
Archil Zedgemdze General Director 

ELEKTROGADATSEMA 
Vazha Metrevell General Director 
Konstantine Khachdze First Deputy General Director 
Bejan Kvaliashvili Deputy General Director 
La11 Gogishv~li Deputy Head of Service 

DESIGN INSTITUTE HYDROPROJECT 
Anzor Chitanava Director 
Nodar Emukhvan Chef Engineer 

RESEARCH INSTITUTE OF ENERGY 
Nodar Kereselidze Director 
Robert Khachatunan Head of Dept 
Otar Solomonia Head of Divlsion 
Vazha Jarnqashvili Head of Division 
Valery Oganezov Energy Specialist 

INSTITUTE OF CONTROL SYSTEMS 
Teng~z Magrakvelidze Head of Depart 

ENERGOKSELPROEKTI 
Guram Churnbundze Director 

HAGLER&B AILLY 
McNeil Watkins Country Manager 
Pierce Lewis Project Manager 
Irakli Avaliani Project Manager Assistant 

STRATEGIC PLANNING CENTER 
Niko Mel~kadze Director 
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ENECO 
Vazha Slir t ladze Project Manager 

CENEf 
Igor A Bashmakov Executive Director 

AEP Resources 
Thomas Fecho Project Manager 

ICF Kaiser 
Adam Kreczko Project Manager 

HARZA Englneenng 
Mike Saunders Project Manager 

DRIES ASSOCIATES 
W ~ l l ~ a m  Dnes Project Manager 

GEORGIAN TECHNICAL UNIVERSITY 
Demi Laoshvili Professor, Dean of Power Engineering Faculty 
Omar bguradze Professor 
Guram Chitashvil~ Professor 
Naja Gotsindze Assistant Prof 
Gia Arabidze Assistant Prof 

BURNS&ROE 
Brooks Howell Project Manager 
John Hallberg Senior Engineer 
Zurab Menteshashvill Program Manager 
Murman Margvelashvili Project Manager 
Temur Mikiashvili Senior Expert 
Otar Vezinshvili Expert 
Guram Gurgenidze Expert 
Revaz Kandelaki Expert 
Gla Kalabegishv~li Expert 
Ketevan Aladashvili Interpreter-translator 
Ketevan Avaliani Interpreter-translator 
Nino S harvashidze Interpreter-translator 
Manka Valishvili Translator 

F~nal Report 
Volume 2 Append~x 2 Page 68 September 1998 



Country-Wide Demand Forecast and Energy 
Efflc~ency Assessment 



CENEf Electricity Demand for Georgla 1998-2020 

CONTENTS 

1 Introduction 

2 Scope of work 

3 Economic Development of Georgla 1990- 1998 
3 1 Evolutlon of Georgian GDP 
3 2 GDP by expenditures 
3 3 GDP by Sectors 
3 4 Industrlal Output by Branches 
3 5 Characteristics of Residential Sector 
3 6 Economlc Activity in Agrlculture 
3 7 Economic Actlvity in Transportation 
3 8 Role of energy Import in forelgn trade 

4 Historical Data on Electriclty Consumption 1990-1998 
4 1 Electricity Supply 
4 2 Electriclty Demand 
4 3 Electriclty Consumption in Industry 
4 4 Electrlcity Consumption by the Residentla1 Sector 
4 5 Electrlclty Consumption by Other Major Economic Sectors 

4 5 1 Agrlculture 
4 5 2 Construction 
4 5 3 Transport and Communication 
4 5 4 Services 
4 5 5 Own use 
4 5 6 Losses 

4 6 Evolutlon of Electricity Prlces 
4 7 Collection Rates 

5 Modellng Complex for Forecasting Electrlcity Demand m Georgia 
5 1 Uncertainty of Electriclty Demand Projections 
5 2 Revtew of Forecasting Tools Used by Other Research Groups 

5 2 1 Georgia Power Rehabilltatlon Project Model 
5 2 2 GRIPE Model 

5 3 The CENEf s System of Models 
5 4 ECONOMY - model for projecting Georglan economy 
5 5 GELGDP - model for projecting electricity demand 

by major sectors of economy 
5 6 GELIND - Electricity Demand Pro~ectlng Model for Industrlal Sector 
5 7 GELRES - Electric~ty Demand Projecting Model for Residentla1 Sector 
5 8 GEB - Energy Balance Model 

6 Energy Efficlency lmprovement Opportunities m Georg~a 
6 1 Energy Efficiency from Rhetorlc to Act~ons 
6 2 Energy Efficient Technologies in the Industrlal Sector 
6 3 Energy Efficlency In the Residential Sector 
6 4 Energy Efficiency In the Other Sectors 
6 5 Success Stories from Russla 



CENEf Electriclty Demand for Georg~a 1998-2020 

7 Electrlc~ty Demand in Georg~a 1998-2020 
7 1 Scenar~os for projecting electr~c~ty demand In Georg~a 
7 2 Slow Recovery - Slow Growth Scenario 

7 2 1 Proportlons of Economic Growth 
7 2 2 Electrlcity Consumption In Industr~al Sector 
7 2 3 Electrlcity Consumpt~on In Resident~al Sector 
7 2 4 Electriclty Consumption In All Sectors 
7 2 5 Load Evolut~on 
7 2 6 Control of Results 

7 3 Strong Recovery - Strong Econom~c Growth (StR-StG) Scenar~o 
7 3 1 Proport~ons of Econom~c Growth 
7 3 2 Electric~ty Consumptlon m Industrial Sector 
7 3 3 Electrlclty Consumption In Resident~al Sector 
7 3 4 Electricity Consumption In all Sectors 
7 3 5 Control of Results 
7 3 6 Control of Results 
7 3 7 Sensitivity Analys~s 

7 4 Strong Recovery - Strong Growth with Orientation on Serv~ces Scenarlo 
7 4 1 Proposed structure of Georgian GDP 
7 4 2 Electr~c~ty Consumpt~on In all Sectors 
7 5 Sens~tlvlty Analys~s 
7 5 1 Cruc~al exogenous parameters 
7 5 2 Rates of economlc growth 
7 5 3 Pr~ces for electrlc~ty 
7 5 4 Rates of major energy efficiency equ~pment penetration 

8 Compar~son of Electriclty Demand Project~ons 
8 1 Compar~son w ~ t h  the WB project~on 
8 2 Comparison w ~ t h  the other project~ons to the year 2005 
8 3 Georg~an Research Institute of Power Engineering (GRIPE) Project~on 
8 4 Sakenergo Project~ons 

9 Project~on of Load Patterns 
9 1 Types of Load Curves and Factors Affecting Them 
9 2 Procedure of Load Curve Model~ng 
9 3 Results 

Attachment 
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1 Introduction 

To identify potential for budding additional power sources in Georgia and to develop a Least 
Cost Plan for local utility there is a need to estimate future electncity demand for the reglon and 
to evaluate electnclty efficiency improvement potentla1 utilization impact on the consumption 
patterns and loads 

Such task is a challenge for any country It is a much more challenging exercise for Georgia 
"Georgia Energy Sector Memorandum" developed by the World Bank on January 16, 1996 
states 

Since declaring independence in 1991, Georgia has gone through a very difficult penod 
of deep economic recession and political instability The economic shock caused by the 
dissolution of the Soviet Union (FSU) took place on the background of domestic political 
problems 

In 1995-1997, some improvements of economic situation were displayed by official statistics 
The economic cnsis was substituted by a penod of recovery GDP moderate but steady growth 
resulted in energy demand increase Simultaneously, domest~c electncity production grew up so 
that net electncity import was reduced Nevertheless, obstacles for accelerated economic growth 
still remain, and the major of them are strong Georgia's dependence on energy import and large 
external debt 

The break-up of monetary and trade links among the FSU republics, and the ensuing 
detenoration of trade caused manly by the sharp increase in import fuel pnces, had a negative 
impact on the Georgian economy Accordmg to the World Bank, it has shrunk to less than one- 
fifth of its size in the Soviet era 

Shortage of energy was one of the main reasons of the economic decline In 1990, 87% of 
pnmary energy supply was imported from abroad, mainly from Russia and Turkmenistan As 
economic cnsis expanded, and energy import pnces rose to the world level, Georgia's ability to 
~mport energy became progressively limited By 1994, net energy import was just 45% of 1990 
level Domestic production of hydropower, coal, and oil in the same penod significantly 
declined The shortage of energy was partially offset by use of extens~ve fuel wood, which went 
uncontrolled and threatened to forest and the environment 

Most of the analytical tools used to make future projections of electncity demand are developed 
for more or less stable economies It is not just an issue of tuning models to Georgian economy 
specifics, but rather it is the issue of developing a set of models capable to deal with the economy 
which simultaneously 
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got caught in a vicious cycle of falling production and exports and the subsequent inability to pay 
for lmports, but 

demonstrated that economic crisis was substituted by a penod of recovery, and 

ready to spurt on a track of economlc recovery, but 

is coming through the transit~on penod from centrally planned to a market economy, and 

fulure trajectones of economy are very uncertain, plus 

has a substantial sector of shadow economy, which somehow w ~ l l  have to change its gray 
color to wh~te  as the recovery process will continues, but 

has very l~mited resources to fuel economic recovery by export revenues 

All these present specific features of Georgian economy multiply complexity of the estimation of 
ft~ture electricity demand and load curves for the country 

Center for Energy Efficiency was selected by the Bums and Roe Enterpnses, Inc to develop 
projcct~ons of electncity demand for Georgia w ~ t h  evaluation of electncity utilization efficiency 
lmprovcment potentla1 under the contract No 5826-067 For Work Order 3 1 Georg~a Least Cost 
Development Plan (USAID Pnme Contract No CCN-Q-00-93-00154-00) 

The Center for Energy Efficiency (CENEf) IS an independent, non-for-profit organizat~on, 
foundcd to promote energy efficiency and env~ronrnental protection In Russia and the Newly 
Indepcndent States (NIS) The Center was founded in September 1991 

Thls contract IS not the first example of CENEf s cooperation with Bums and Roe In 1997 
CENEf successfully conducted Energy Seminar jointly with Bums and Roe Enterpnses, Inc 

In 1995, under the contract with RCGMagler, Bailly, Inc CENEf developed the "Energy 
Demand Project~ons for the Krasnodar Krai and North Caucasus" (5 1 p ) Later, in 1996 CENEf 
has developed a report "Evaluation of Tanff Policy Impacts on a Utility's Revenues" (40 p ), 
w ~ t h  results of modeling pnclng pol~cy impacts for three Russ~an Utilities In 1997 CENEf has 
developed a book "Introduction to Integrated Resources Planning" (In Russian, 253 pages) 
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In 1996-98, Center for Energy Efficiency (CENEf), wlth the support prov~ded by US DOE and 
Paclfic Northwest Natlonal Laboratory, has been implementing a project "Model Program of 
Improving Distr~ct Heating Effic~ency" Such a model program was developed and calibrated 
on projects for nine Russlan clties (Chelyabinsk, Kostroma, Lytkanno and others) and one oblast 
(Orlovskaya oblast) Based on tlvs model energy effic~ency lmprovement programs with the 
total budget of $US 220 million were developed Three of them were awarded World Bank 
loans CENEf was the first Russian organization that was awarded direct contracts by the US 
AID to establ~sh Russian Energy Managers Association 

This report conslsts of nine sections This introduction is followed by the Sectlon 2 descnbing 
the scope of work for CENEf in t h s  assignment 

In the Section 3 the economic development of Georgia in 1990-1998 is charactenzed by the set 
of histoncal statistics The questlon of reliability of such data is placed In a focus of discussion 
Georgian GDP is shown by major sectors of economy, and special attention has been glven to the 
industnal sector This sectlon serves as a basis for bullding scenanos of Georglan economic 
development 

Section 4 presents histoncal statistics on electnclty and related heat demand, electncity usage 
patterns for major end-use categones, levels of electncity use, intensities, and key types of 
electncal devices, availabihty, load charactenstlcs, rates of Installed capaclty retirements, current 
tanffs and kture tmff projections 

Section 5 descnbes the model complex, which was build by CENEf to develop electncity 
demand projections, based on scenanos of Georgian economic development Thls descnptlon 
was made on the basis of companson with forecasting tools used by the other groups of 
researchers This section also explains how the most promising programs for ach~eving 
substantial electncity savings were Incorporated m particular models 

Energy efficiency lmprovement opportunities In Georgia are considered in the Section 6 Special 
consideration was given to industnal and residential sectors 

Section 7 IS devoted to the descnptlon of three basic scenanos of economic development of 
Georgia as well as results of corresponding model runs to evaluate the related electncity 
consumption 

A companson of electncity demand projections is presented in Section 8 In Section 9 the 
projections of peak demand and typical load curves are provided for both the hlgh and low 
scenanos 
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The CENEf team was led by Igor Bashmakov The major contnbution to the implementation of 
thc scope of work was provided by the following CENEf s experts Vladimir Zhuze, Svetlana 
Soroklna, Yun Dashevsky, and Alexander Perevozchikov 

All models, but GEL were developed by Igor Bashmakov Models for the resident~al sector - 
GELRES - and energy balance model - GEB - were calibrated by Svetlana Sorokina GEL was 
developed and calibrated by Alexander Perevozchikov 

Data and lnformatlon collection was performed by I Bashmakov, V Zhuze, Yurl Dashevsky 
Other members of CENEf s staff also substantially contnbuted to the work 

Invaluable assistance and on land support was provided to the CENEf s team by the Bums and 
Roe Tb111si Office staff CENEf particularly appreciates the contnbutions to the data collecllon 
process and consultations prov~ded by the office staff, espec~ally by Zurab Menteshashvili, 
Ketlno Aladashvili and Temur Mikiashvili 
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2. Scope of work 

The purpose of this project IS to 

develop electr~city and heat demand projections, based on scenarios of Georgian economic 
development, and 

identify programs for achieving substantial savings in electric energy 

Task 1 Data Collection and Data Validat~on 

With assistance provided by Burns and Roe Enterpnses, Inc and local Georgian staff retained by 
BREI CENEf collected necessary statistical data to be used in development and calibration of 
models Such data include 

a) historical statistics on electr~city and related heat demand, 

b) electricity usage patterns, for major end-use categories, various industry classifications and 
economic sectors of Georgia, 

c) levels of electrlclty use, intensities, and key types electrical devices, 

d) availability, load characteristics, rates of installed capacity ret~rements, 

e) current tar~ffs and future tariff projections, 

f) technical and economic data on energy efficiency measures including their total and 
incremental capital and operating costs and their expected servlces life times 

With assistance provided by Burns and Roe Enterprises, Inc CENEf collected necessary 
statistical data for evaluation a potential and costs to improve energy efficiency Such data were 
collected partly by conducting energy audits and partly by collecting statistical data 

Task 2 Electric~ty Demand Scenarios 

Based on data collected, CENEf created and cal~brated the complex of models it possesses to be 
used for the purposes of energy demand projections Model output provided demand broken by 
energy consuming sectors and by industnal branches as well as projections of electric energy and 
related heat load profiles The time frames and scenarios was extended through the year 2020 

To make projections CENEf, advised by Bums and Roe Enterpnses, Inc developed and run 
three scenarios for the region Demand scenarios incorporated the potentla1 for energy efficiency 
improvements 

Task 3 DSM Impact Assessments 

A list of energy efficiency measures (EEMs) that can be employed in Georgia was compiled 
Impacts of those measures on the reduction of both the electricity consumption and the level of 
peak demand were evaluated along with EEMs penetrat~on rates 

Impact of those EEMs was used as an input to projection model Those EEMs that demonstrated 
the most sign~ficant impact were selected for further more detailed studies by other part~c~pants 
m the project 

The result of this task was summarized and explained m a separate section of the project final 
report on the potential on energy effic~ency 
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Task 4 Local Workshop 

CENETs experts participated in two-day workshop meeting for all participants presenting 
preliminary results of forecasting w ~ t h  the evaluation of rel~abrlity of such results explanation of 
methods used Cor making projections, as well as preliminary conclus~ons of the DSM impact 
assessment work 

CENEf prepared the draft version of the final report for revlew and discussion with the study 
parlicipants 

Task 5 F~nal  Report 

CENEf will prepare detailed English language final report That report w ~ l l  explain the 
methodology, describe the data used, and elaborate on the results of the demand assessment 
work It will also include the sectlon on the potential for energy efficiency improvements 
prepared in connection with task 3, above 
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3 Economic Development of Georgia 1990-1998 

3 1 Evolutlsn of Georgian GDP 

Georgra reestablrshed ~ t s  Independence In 1991 Thrs rmportant polrtlcal event was 
followed by crvll wars, ethnlc conflicts and economlc catastrophe Some declrne of the 
natron's GDP was already reg~stered In 1989 and 1990 It was followed by the dramatlc 
recession durrng the frrst years of ~ndependence, partrcularly exacerbated by the clvll 
war Extreme shortage of resources to stop the catastrophe as well as very unstable 
polltrcal srtuation were the major reasons for 1994 GDP drop to the 30% of 1990 level 
(See Fig 3 I ) 

The problems were exacerbated rn Georgra by the human and material damage caused 
by war, declrnlng morale and total erosion of law and order It has been ~mposslble, 
under such crrcumstances, to develop a self-sustalnlng economy 

Other 

@J Serulces 

m Trade r- I Transport and commun~cat~on 

H construction 

Industry 

The polltical stabll~zatlon started In 1994-1 995 eventually went hand In hand w~th the 
economrc stablllzatron In 1994-1997, the government made a number of efforts to 
Improve the srtuatlon, ~ncludrng strrcter monetary control, flscal reforms, strengthening 
the f~nanc~al sector, accelerating the process of prrvatlzat~on, forelgn exchange and 
trade regimes, marntenance of a mrnlmum socral safety net 

In 1995-1997, offrcral stat~stlcs regrstered hlgh growth rates In all sectors of the 
economy, the highest In construction, transport and trade Nevertheless, all experts 
stress that these growth frgures are extremely subjective given the slze of the shadow 
economy In Georgra 

The economlc crlsls was substituted by a per~od of recovery, but the crisis was so 
deep, that three years of such a recovery drd not let GDP to approach to the I990 level 
The lmpresslve GDP grow-th actually corresponds to an extremely small volume of 
economrc actrvlty 



CENEf Electricitv Demand for Georala 1998-2020 

Accord~ng to the "Georg~an Econom~c Trends" - Th~rd Quarter 1997 

Per cap~ta Income st111 remains very low probably about USD 800 for 1997 - comparable to some 
of the richer Afr~can countries There are reasons to be skeptical of these figures 

Thls skepticism does exist due to large share of shadow economy which is not accounted by the 
official statistics Therefore, the quality of statistical data arlses as cruc~al issue in any analytical 
exerclse on Georgian economy 

There is a number of statistical sources which provlde inconsistent informat~on even on the 
volume of GDP in current prices, not to speak on GDP in constant prices (See Table 3 1) 

Table 3 1 GDP In current prices, m~llion GEL 

1 Human Development Report Georgla 1997 p 95 
2 I-Iuman Development Report Georgla 1997 p 1 5 
3 Georgia 1995 State Department of Stat~stics (factor costs) 
4 Georgian Econom~c Trends 3 quarter 1997 (factor costs) TACIS 
5 Georgian Econom~c Trends Fourth Quarter 1997 (factor costs) 
6 Report on Hydropower statlons rehab~litatlon May 1997 ICEE, BEA Consult~ng EUT 

The problem of economic statistics low accuracy was exaggerated by the fact that In 1990 -1 996 
three currencies consequently were used in Georgia - rubles, coupons and finally - lari As a 
result the value of GDP presented in lari depends on the exchange rates used by the glven 
statistical source 

Nevertheless even when Georgian lari was already used as the only currency, the gap between 
the upper and the lower estimates of GDP equals to 41% in 1995 and to 23% in 1996 Those 
numbers are true indicators of Georgian economlc statistics accuracy 

There are two more very important factors, which affect the accuracy of meter~ng Georg~an 
GDP 

e so called shadow, gray or black economy The gray economy existed In Georgia even prior 
the independence Stat~stical Department of Georgia estimates that the shadow economy 
represents one th~rd of Georgia's GDP The shadow economy is believed to constitute a 
particularly large share of the trade, transport and construction sectors This sector grew 
further fertilized by the heavy tax burden which squeeze the legal part and push many small 
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scale private sector enterprises to move to the informal sector Many of them would find 
official tax burdens too much to bear at present 

accounting GDP produced In Abkhazia Thls region was included into statistics in early 
go's, and the extent of coverage the economic activities in Abkhazia since that time is not 
qulte clear 

High rates of inflation led to the s~tuation when nominal GDP grew 327 - fold in 1990-1 997 on 
the background of very deep real GDP decline 

To fulfill the given scope of work the data on evolution of real GDP are required Estimates of 
annual growth rates provided by different sources are presented in Table 3 2 All four sources 
disagree on a rate of GDP evolution in every single year 

Table 3 2 Annual rates of GDP (%) 

1 Human Development Report Georg~a 1997 p 15 
2 Georg~a 1995 State Department of Stat~st~cs (factor costs) 
3 Econom~c Trends 3 quarter 1997 (factor costs) 
4 Report on Hydropower stat~ons rehabllltat~on May 1997 ICEE, BEA Consulting, EUT 

So evldent disagreement in the evaluation of GDP - the most aggregated macroeconomic index - 
proves that low reliability of statistical data is the major evil to fight with to get the exercise 
done 

3 2 GDP by expend~tures 

GDP evolution by expenditures is presented at Fig 3 2 Net export value is negative, exceeding 
slnce 1992 both capital investments and changes In ~nventor~es Government consumption fell 
down considerably, whereas prlvate consumption after a s~gnificant drop In 1990-94 displayed a 
growlng trend (while being still under the 1990 level) 
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Fig 3 2 GDP by e x p e n d ~ t u r e s  

i. n Net export I 

 governe em ent 
consum p t ~ o n  u 

J  gross F ~ x e d  Cap l ta l  t 

It should be noted here that Investments recorded In offic~al statistics can be 
underestimated because a large slze of shadow economy In spite of thls note, no 
other data but offlclal will serve a basls for scenarios development 

i 

3 3 GDP by Sectors 

Investments 

To be more specrf~c we need not just data on GDP evolut~on, but data on GDP 
fluctuat~ons by sectors, and for industrial sector - even by branches of industry 

There are only two stat~st~cal sources available to get lnformat~on for GDP breakdown 
by sectors Both of them were used to calculate data, presented In Table 3 3 below 

Table 3 3 Reall Annual GDP Evolut~on by Sectors (%) 

mPrlv~te consum pt~on 

Sources For 1990-1995 Georg~a 1995 State Department of Stat~st~cs (factor costs), 
for 1995-1 997 Georg~an Economtc Trends Fourth Quarter 1997 (factor costs) 

: 
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Georgian State Department of Statistics (SDS) provided data on GDP production accounts both 
at given year current prices and at constant price of previous year by sectors for each year in the 
interval 1990-1 995 That allows to estimate the annual growth rates by sectors, and then to build 
chain indexes with the base in 1995 for each sector The second source of Table 3 3 provided 
annual rates of growth for 1995-1997 The GDP reconstructed based on those growth rates and 
broken down by sectors is presented in Table 3 4 in 1995 prices 

Table 3 4 GDP by Sectors In 1995 prices, million GEL 

* Calculated as sum of GDP by Sectors 
** Calculated based on rates of GDP growth 

Sources Calculated by the authors based on data from tables 3 1 -3 3 

Application of the same procedure to the GDP index as well as GDP indexes by sectors with the 
following GDP aggregation by separate sectors bnngs different results The result of aggregation 
by sectors is marked bold italic in Table 3 4, while the result received by the aggregated index of 
GDP - just bold The discrepancy is about 20% in 1990, falling down to none in 1995 and to 
0 85% in 1997 

GDP calculated based on aggregated index (bold) was used for estimation of electricity intensity 
of GDP, while to do similar calculations for each sector the corresponding data on GDP 
generated In each sector presented in Table 3 4 were used 

In 1990-1997, industrial value added declined by 5 times, agricultural one - by 2 5, value added 
in construction fell down by 6 times and m transportation - by 3 times Uneven decline of value 
added In separate sectors led to substantial changes in GDP structure 

Presently agrlculture and trade together provide for about two thirds of the Georgian GDP In 
1995 about 40% of Georgian GDP was produced in agricultural sector, while it was just 33% in 
1990 In addition about 22% of GDP was generated in the trade sector (15% in 1990), while 
industrial sector accounted for only 15% (27% in 1990) 
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According to Human Development Report 

The most Important changes In the structure of economy man~fested themselves In the rapid 
growth of the share of trade In the GDP whlch IS only natural slnce thls IS the sector whlch needs 
the least cap~tal Investment In addltlon the country began to explolt ~ t s  favorable geograph~cal 
poslt~on to poslt~ve tendencies were more dynamlc In Georg~a than In other republics of the FSU 

GDP produced in trade sector was the major drivlng force behind the recent GDP growth Its 
contribution to the GDP increase in 1994-1997 equals 55% 

3 4 Industrial Output by Branches 

As can be seen from Fig 3 3 and Table 3 4, the reduction of industrial output was the major 
contributor to the avalanche like decline of GDP This sector is very important when one deals 
with electricity demand Therefore the special attention was given to the description of industr~al 
output evolution in 1990- 1997 

Georgian Statistical Yearbook (GSY), published in Georgian provides data on 1990 indexes for 
different branches of industry for 1990-1996 Human Development Report (HDR) also provides 
data for 199G and 199611 990 indexes All those sources were used to build the Table 3 5 and to 
paxnt F I ~  3 3 

Tnblc 3 5 Industrial Production by Branches (million GEL in 1990 prices) 

Sources HDR 1997 p 25 Table 2 9 GSY, 1997, p 19 
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There was a seven fold decl~ne reg~stered In lndustr~al output In 1990-1997 If power 
sector IS excluded, the depth of ~ndustr~al crlsis looks even more terr~fy~ng 

According to the stat~stics, there IS only one branch of Industry whrch escaped the crtsis 
- non-ferrous metals product~on On the other hand, the most slgn~f~cant reductions 
were reg~stered In bu~ld~ng mater~als product~on and In l~ght ~ndustry 

In 1997 the major contr~butor to industr~al output was food Industry (45% In 1997 versus 
37% In 1990), followed by mach~nery (1 7% versus 14%), power (9% versus 2%), other 
lndustr~es (8% versus 7%), light Industry (6% versus 21%) Share of six the most 
energy Intenswe industr~es (fuels, ferrous, non ferrous, chem~cal, pulp and paper, 
bulldlng mater~als) fell down slrghtly from 18% In 1990 to 15% 

Georgran Statlst~cal Yearbook (GSY) and other sources also provtde data on major 
industr~al products output Those data are presented In Table 3 6 

Comparison of Tables 3 5 and 3 6 rises some questrons For example, In 1990-1996 
statrstrcs registered coal product~on decl~ne by 41 ttrnes and reduct~on of petroleum 
reflning by 122 t~mes, while value added In fuel branch reduced "just" by 13 tlmes 
Productron of paper had reduced by 430 t~mes while output for pulp and paper ~ndustry 
In 1997 was "just" 8 tlmes below 1990 level 

So, from two approaches to est~mate industrial productron - costs of output by 
rndustrres versus physical productton of major goods - the former approach was 
selected as the basrs for projecting electrrcrty demand 
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Table 3 6 Major lndustr~al Products (10A3 t) 

Sources HDR 1997 p 25 Table 2 9 GSY, 1997 p 19 

Cement 
Text~le, 1 OA6 m2 
Da~ry products 
Meat 

5urveys of Industry suggest that the rate of industr~al capaclty use continues to fluctuate at 
around 8- 10 percent 

3 5 Character~stics of Resldentlal Sector 

1290 
111 
250 

76700 

Residentla1 sector IS listed among the major consumers of electricity in Georgia That is why 
speclal cons~derat~on IS to be given to this sector 

Population of Georg~a was about 5 4 mllllon people in 1997, of whlch 56% is urban population 
There are about 18 m2 of living area per person in Georgla 

Table 3 7 Resldentlal sector Major Indicators 

821 
66 

152 
31185 

'5ources CIS 111 1996, Moscow, 1998 Human Development Report 

Several major factors drive energy demand in the residential sector llving area and number of 
habitants saturation of residential sector with major communal services and appliances, personal 
Incomc, price for energy and avallabllity of energy 

426 
32 
24 

6515 

278 
16 
18 

3448 

89 
3 

18 
378 

62 
2 
4 

6 5 

85 
1 
4 

6 8 

91 
0 

363 
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Evolution of living area is presented In Table 3 8 In 1990- 1997 it declined by 5% About 5 1 % 
of the total 1s accounted to urban living area 

Major reason behind such a reduction was substantial amount of decommissioning in 1990-1 991 
on the background of very weak residentla1 construct~on activity in 90's Statistical data 
provided by the Georgian Department of Statistics on living area and commissioning of new 
residential build~ngs is inconsistent That is why analytical evaluation of decommissioning for a 
number of years br~ngs negative values (See Table 3 8) 

It seems that data for additions is only for urban sector If so, then data on decommissioning of 
urban living space is always positive But even calculated by such a way, the decommissioning 
for 1993 and 1994 left negative It is clear that data on additions to the living space are not 
reliable enough, partly due to the fact that part of construction activit~es, especially for residential 
housing construction is hidden by shadow economy 

Table 3 8 Evolution of Llvlng Area 10A3 m2 

Sources SDS 

As in all other former-Soviet cities the urban living stock was highly dependent on district 
heating for both heating and hot water purposes (See Table 3 9) For cooking most families 
used natural gas 

Table 3 9 Urban Housing Stock Availability of Energy Supply Infrastructure (% of all 
households) 

Sources SDS 

3 6 Econom~c Actlv~ty In Agriculture 

1996 
97 70 
60 20 
18 60 
71 20 

District heat supply 
Hot water supply 
Electric ranges 
Gas supply 

There was no substantial decline of agricultural production in 1990-1 997 Production of gram 
and vegetables in 1997 exceeded 1990 level, while tea, grapes and citrus production was well 
below 1990 level 

1990 
89 20 
58 20 
14 40 
83 60 

1995 
94 40 
60 40 
18 70 
61 60 
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The transport sector is potentially of great importance to the Georgian economy Econornlc 
activity In this sector shrunk sharply In 1990-1 997 Freight turnover 111 1997 was just 7% of that 
in 1990 and there is no slgn of stabilizat~on yet On this background the role of railroad transport 
grew from 19 to 34% (See Table 3 10) 

Passenger turnover decllne was less drarnatlc, but still substantla1 by any scale In 1997 ~t was 
28% of 1990 level In contrast with freight turnover the passenger one IS coming up for already 
four years slnce 1993 Share of railroad and subway together in 1990 and 1997 was 16% 

Table 3 10 Transport Actlvlty Ind~cators 

Source SDS 

3 8 Role of energy import In fore~gn trade 

The disintegration of FSU, the break-up of monetary and trade links among the TSU republ~cs, 
sharp Increase in import fuel prices had a drarnatlc impact on the Georgian economy Negative 
external trade balance resulted In the country's dependence on large Inflows of humanitarian 
assistance, especially imports of food 

According to Human Development Report, 1997 

The s~tuation In external trade IS st111 very weak There was growth of 29% In recorded exports In 
1996 but recorded lmports grew even faster at 46% 

There has been some progress on debt rescheduling and In restoring orderly relat~ons wlth 
external creditors wh~ch was especially Important In the case of Turkmenistan - the major natural 
gas provlder 

However ~dentlfred forelgn debt rose to 1 4 bllllon US dollars The absolute amount of Georgian 
forelgn debt as well as its ratio to GDP does not seem to be alarmlng but the fore~gn relations of 
Georgla and prospects of paylng out the forelgn debt arouses serlous anxlety because exports 
comprlse only 25% of external trade turnover, whrle the remalnlng 75% IS covered by ~mports 
Georgra s foreign debt was 8 tlmes more than the value of exports In 1996 
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To demonstrate the role of energy import, primary energy balance for 1990-1995 is presented at 
Table 3 11 Several non-balanced data of 1996 are also shown 

In 1990, 87% of primary energy supply was imported from abroad, mainly from Russia and 
Turkmenistan Net imports of natural gas, oil and oil products reached 99% of total primary 
energy supply, coal import accounted for about one-fifth of its primary supply, and electricity 
import provided for 22% of final electricity consumption As domestic economic activity 
declined and energy import prices rose rapidly up, Georgia's ability to import energy became 
progressively limited 

By 1995, only 3 9 Mtoe, or 33% of the 1990 level, were imported, while energy consumption fell 
to 5 8 Mtoe, or 47% of the 1990 consumption Domestic production of hydropower, coal and oil 
in the same period significantly declined as a result of accelerated deterioration of production 
facilities 

In 1995, indigenous energy production even exceeded 1990 level in spite of continuing decline 
of energy consumption As can be seen, domestic energy production growth is closely related to 
a large increase of fuel wood use The latter gradually substituted other energy carriers and its 
share in primary energy production structure increased from 12% in 1990 to 66% in 1995 This 
is a negative tendency, since spontaneous and uncontrolled fuel wood use damages to forest and 
the environment 

In the future, Georgia's dependence on energy import may become a serious obstacle to 
economic development 
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Table 3 11  Primary Energy ~ a l a n c e '  (10A3 toe) 

1 To convert a 1000 toe into natural unlts the values presented should be mult~pl~ed by the following 
factors 11 63 for electric~ty (in GWh) 1 74 for coal (in 1000 tons) 1 24 for natural gas (in million cublc 
meters) 1 0 for crude oil and 011 products (in 1000 tons) 5 37 for wood fuel (In 1000 cubic meters sol~d) 
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4 Hlstoricill Data on EDectreclty Consaomptron - 1 990-7 998 
4 1 Electnc~ty Supply 

Sources of electricity supply In Georgia are shown at the Fig 4 1 and Table 4 1 It was 
not reduction of demand wh~ch drew supply down The growth of rmported fuel prices, 
negative trade balance and growing external debt caused the reduct~on of electrlc~ty 
productron at fossil fuel power stations and reductron of net 1rnpor-t of electricity 

As Georg~an Economic Trends (thlrd quarter, 1997) reports 

The hydro plants suffer from lack of water and the thermal plants from iack of fuel Gardabanr 
has received USD 15 million for the purchase of fuel under the World Bank's Power 
Rehabrlltat~on loan Thls USD 52 3 mlll~on loan was approved In June, but USD 10 mlll~on was 
d~sbursed In advance for last winter's needs The remainder IS unltkely to be suff~c~ent for 
suppl~es th~s  winter The prospects for household and busmess electncrty consumers do not look 
favorable th~s  winter 

The farlure to collect payments also led to fuel shortages and under-~nvestrnent in thermal 
power, In particular to the Gardaban1 thermal plant which IS one of the maln sources of electnaty 
supply durlng wlnter Although the Mln~stry of F~nance has prov~ded several loans to the plant 
they do not represent a long-term solut~on the only susta~nable optlon seems to be pnvat~zatlon 

As a result, energy IS a problem for any business In Georgia Power cuts are common, 
as well as low frequency and low voltage In 1997 there were 104 cases registered of 
complete power lost In Georgla 

Electr~clty supply In Georgla in 1997 was just 40% of the 1990 level The six fold 
decllne of power production at thermal power stations was accompanied by the 
reduction of net Import by 37 times, and only substantla1 contribution of hydropower 
stations had provided some stabilrty to the power supply s~tuatlon 

Hydropower In 1996 prov~ded 74% (44% in 1990) of the total supply, wh~le power 
statlons fueled by fossil fuels -just 14% (35% in 1990), with the rest - prov~ded by the 
~ndependent power producers (IPP) - 11% (3,6% In 1990) and by net ~mport of 
electricity - 1,5% (18% In 1990) 
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Table 4 1 Electricity Supply (mlllion kwh) 

Sources Stat~st~cal Yearbook, p 3-4, Georg~an Econom~c Trends TACIS, Sakenergo, 
World Bank 

4 2 Elcctr~city Demand 

There are many sources of statlstlcal ~nformat~on whlch sl~ghtly disagree on the level of total 
electrlc~ty consumptlon in 1990-1997 (see Table 4 2) Data provide by OECD d~ffer most of all 
w ~ t h  all other sources (no one in Georgia was able to answer who prov~des information to 
OECD) All other sources present very similar data 

Net import 

3205 
2252 
1016 
697 
919 
752 
12 1 
86 

Total 
generat~on 

14238 
13358 
11501 
10125 
7034 
7770 
7985 
6882 

Two first sources (two issues of "Energy" magazine) presented at the Table refer to the M~nistry 
of Energy as well as data prov~ded by the Energy Research Inst~tute It was suggested that State 
Department for Statistics prov~des the most reliable data Therefore data from thls source for 
1990- 1996 were put in to the rlght column (final) of Table 4 2, and for 1997 Sakenergo data were 
taken 

Total 
supply 

1 7443 
15610 
125 17 
10822 
7953 

-- 

8522 
8106 
6968 

IPP 

625 
539 
425 
285 
179 - 
860 
870 

0 

Table 4 2 Estimates of Total Electricity Consumpt~on (rnlll~on kwh) 

Foss~l fuels 

6019 
5782 
4578 
2820 
1944 

6 2 0 6 7  
1105 
1105 

1990 
199 1 
1992 
1993 
1994 
1995 
1996 
1997 

Sources 1 Energy No 3, 1997, p 7, 2 Energy No 2, 1997, p 27, 3 World Bank, p 7, 3" 
World Bank, 1996 p 14,4 Energy Balances of Non OECD Countr~es 
IENOECD, 5 Georg~an Economlc Trends TACIS, 6 B&R Tblllsl office, 7 
Sakenergo, 8 Georg~an Research lnst~tute of Power Englneenng, 9 Statlstlcal 
Yearbook 

Hydropower 

7594 
7037 
6498 
7020 
491 1 -- 
6010 
5777 
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Based on the sample presented In the rrght column of the Table 4 2 it IS clear that 
electricity demand fell down by 2 4 t~mes rn 1990-1997 The most sign~frcant reduction 
was monitored in '1 990-1 994 Since 1995 electrrcrty consumption IS stdl declining but 
wrth very moderate rates It is rmportant to notrce that such declrne occurred on the 
background of growing GDP 

To get real understandrng of forces which drrve electrrcrty consumptron one should go 
In more details, by rnvestrgatrng the structure of electrrc~ty consumption by major 
economic sectors and in most important sectors, by branches or even processes 

It IS clear that reduct~on of total electnc~ty consumptron occurred ma~nly due to the 
reductron of industrral electricity consurnptron, whrle electricity consumptron In the 
residential sector was relat~vely stable (see Fig 4 2 and Table 4 3) Deterloration of 
stat~strcal reportrng and quality of rneter~ng is the reason behrnd the growth of "other" 
sector contribution to the total electrrcity consumption 

It is clear that spec~al attention should be grven to the rnvestigation of factors dr~ving 
electricity consumptron rn ~ndustrial sector as the most dynamrc component of electrrcrty 
consumption and to residentral sector as to the most stable part of the overall demand 
for electricrty 

F ~ g u r e  4 2 Eledrlcity Consumpt~on by Sectors 
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Table 4 3 Structure of Elec t r~c~ty  Consumption by Sectors (10A3 kwh)  

Sources Calculated by authors based on 1 Energy No 3 1997 p 7 2 Energy No 2 1997 p 27 
3 World Bank p 7 3 World Bank 1996 p 14 4 Energy Balances of Non OECD 
Countr~es IEAlOECD 5 Georg~an Economlc Trends TAClS 6 B&R Tb111sl offlce 7 
Sakenergo 8 Georg~an Research lnst~tute of Power Englneerlng 9 Statlst~cal Yearbook 
p and other sources 

services 

Municipal and publ~c 
Residentla1 
Other 
Own Use 
Techn~cal losses 
F~nal use 
Total 

4 3 Electrlclty Consumption In Industry 

The level of statistical uncertainty of electrlclty consumption in industry IS much larger then that 
of the total electricity consumption As In the case of economlc statistics, electricity 
consumption statistlcs for industry is neither consistent nor reliable The OECD again provldes 
data which are too far from belng consistent with Georg~an statistlcs But even Ministry of 
Energy in its magazine "Energy" provides the data whlch differ substantially from the data 
provided by the SDS Stat~stical uncertainty is large even for 1990, but ~t is especially large for 
1992-1995 Another problem is different coverage of branches by different sources Tor 
example, figures may differ depending on whether own use or losses are accounted wlthin the 
industrial sector, or separately 

912 
2320 

3 

420 
2643 

14387 
17450 

Table 4 4 Estimates of Electricity Consumption in Industry (mllllon kwh) 

Sources 1 Energy No 3 1997, p 7 , 2  Energy No 2,1997 p 27, 3 World Bank, p 7 3 
World Bank, 1996 p 14,4 Energy Balances of Non OECD Countr~es 
IEAIOECD, 5 Georg~an Econorn~c Trends TAClS 6 Hydro Rehab~l~tat~on 
Report, 7 Sakenergo, 8 B&R Tb l l~s~  off~ce 9 Statlstlcal Yearbook p 3 

82 1 
2680 
645 
382 

3122 
12124 
15628 

730 
2250 

895 

3 22 
2530 
9684 

12536 

63 6 
2772 

442 

200 
2965 
7698 

10863 

246 
2410 

577 

136 
2494 
5332 
7962 

328 
2464 
948 

88 
1993 
5756 
7836 

3 26 
2547 
1768 

107 
1332 
600 l 
7440 

3 34 
2593 
1590 

113 
141 1 
5839 
7363 
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Based on the official statistics, electricity consumption m mdustry, or more correctly speaking 
electricity supply to the industrial sector, felt down by 10 5 times in 1990-1 997 Table 4 5 and 
Fig 4 3 provide evidence to the fact that there is no branch of Industry managed to avoid 
substantial reduction of supply Thls table was bullt based on three sources Electricity 
consumption by several major industrial enterprises 1s also shown in this table to check the 
quality of statist~cs, on the one hand, and to demonstrate that there are few (about ten) large 
industrial enterprises which consume the 11on's share of electricity within the industr~al sector 
Therefore, revlval of such enterprises is crucial In determirung the volume of electricity 
consurnptlon by branches of heavy Industry 

For some branches the llne "other" has negative numbers That means two thlngs low qual~ty of 
statistical data, and the fact that some of diversified large scale enterpnses produce products, 
which are counted by statistics as products for another branches of industry The Chief energy 
manager of the Chemlcal Combinat (which formerly called the Azoti Fertilizer), cla~med that 
electricity consumption in 1997 was equal 180 million kwh, while data presented gives the value 
79 million kwh for the whole chemical industry in 1997 

Table 4 5 Industrral Electrlc~ty Consumptron by Branches (10A6 kwh) 

Sources Georg~an Research lnstltute of Power Englneerlng Energy No 3 1997 p 7 
Sakenergo Hydro Rehabllltat~on Report 
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The two last llnes In Table 4 5 demonstrate the gap between the offlcral stat~st~cs, 
provlded by the SDS, and table's totals for each year The statlstlcal drscrepancy IS 

pretty large for all years considered Such a gap can be found even In the same 
source The "Energy" magazine N 3, 1997 glves total lndustrral electr~clty consumptlon 
equal to 812 mlll~on kwh, and then provrdes data by the branches of Industry When 
the consumptron IS summed up by branches the result IS 910 mllllon kwh  

The upper line "Industry (sum by branches)" of Table 4 5 was used In this work as a 
basls for analysls and project~ons 

Another Important piece of information IS the distr~butlon of electrlc~ty consumptlon by 
rndustr~al processes That 1s important to know when Issue of poss~brl~t~es to Improve 
energy efflclency IS to be discussed The provocatrve approach was used to get thls 
lnformatlon Slmllar ~nformatron provlded by the "Tools and Methods for Integrated 
Resources Plannrng tmproved Energy Efflcrency and Protecting the Envrronment" by J 
Swlsher, G Jannuzz~ and R Redl~nger published by UNEP on November 1997 for 
several countries was presented to Georg~an Ch~ef energy managers for review They 
have made correctrons In the table and results of that exercrse are presented In Table 
4 6 below They are pretty much In llne wrth fore~gn statrstrcs wh~le do reflect the 
Georglan specrf~cs 

lgure 4 3 Eledrlclty Consumption In Industrial Sector by Branches 
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Table 4 6 Structure of Electr~csty Consumpt~on by Processes (%) 
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Food 101 701 151 5 1 0 1 100 
Other 701 101 151 51 0 1 100 
Source Calculated by authors based on results of energy managers survey 

4 4 Electric~ty Consumption by the Residential Sector 

Residential sector m recent years became the major consumer of electric~ty According to some 
est~mates in winter ~ t s  share reached 75% of overall consumption As m case of industry there is 
no agreement of different statistical sources on the volume of electricity consumption In the 
res~dential sector (See Table 4 7) There are a number of historical explanations for such a 
situation In the Former Soviet Union electricity consumption was, as a rule, shown for 
population and commercial sector together Separate statistics also existed But there were many 
confusions of what is accounted and what is not when residential sector alone was monitored 
For example, electricity consumpt~on in agricultural sector was presented In some cases w~th,  
whlle In others without electricity consumed by households for non production purposes 

Namely such accounting problems led to the significant differences in data on res~dential 
electricity consumption in 1994-1995 provided in two consequent issues of "Energy" magazine 
(No 2 and No 3,1997) 

Table 4 7 Res~dentral Electrlclty Consumption (10% kwh) 

Sources 1 Energy No 3, 1997, p 7, 2 Energy No 2, 1997, p 27, 3 World Bank, p 7 World 
Bank, 1996 p 14, 4 Energy Balances of Non OECD Countr~es IEAJOECD, 5 Georg~an 
Economtc Trends TACIS, 6 B&R Tb~llsi office, 7 Sakenergo, 8 Georglan Research 
Inst~tute of Power Engtneering 

Careful analys~s of available data led authors to the selection of time senes for the electricity 
consumption in the residentla1 sector shown in the final column of Table 4 7 

To make rel~able projections of electric~ty demand it is necessary to have more ~nformation on 
electricity consumption patterns by separate processes That is especially important when 
lim~tations of electric~ty supply prov~de a meaningful effect on the structure and intensities of 
electric~ty consumption by households 

An important contribution to understanding the situation in the res~dential sector was provlded by 
the survey conducted by the State Department for Statistics of Georgia on December 1997 
("Georg~a Statistical Rev~ew January-February 1998") 
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Two important blocks of ~nformation were prov~ded by the survey The first one Informs on the 
availab~lity of electr~c~ty (See Table 4 8) Rationing of electricitv was Introduced since 1997 
The second one shows the role of electr~city In coverlng energy demand by d~fferent processes 
(See Table 4 9) 

Table 4 8 D~str~butlon of Famllles In Tbllisi by the Ava~lablllty of Electrlc~t~ by the 
T ~ m e  of the Day 

Source Georg~a Stat~st~cal Rev~ew January-February 1998 Tbllls~ State Department for 
Stat~strcs of Georg~a pp 23-27 

It IS clear that rat~oning is the dally pract~ce of 85% of fam~lies In T b ~ l i s ~  and probably even 
larger percentage of fam~lies throughout country Eleven percent of families have electr~city 
ava~lable only at evenlngs Only 3 percent of families have electric~ty ava~lable at any tlme of 
the day The most common situation is an ava~labllity of electricity at mornings and evenlngs, 
average durat~on of electricity supply within that time ~ntervals is 2 3 and 3 7 hours 
correspondingly 

The first four lines of the Table 4 8 can be also used as proxy for the shape of load curve for 
residential sector under suggest~on that percentage of consumers represents the capaclty used 
Therc IS no other data ava~lable on that subject Load 1s not mon~tored for separate groups of 
customers In Georgia Therefore, there is no other informat~on on shapes of load curves for the 
residentla1 sector 

In addltion to rationing frequent acc~dents are responsible for sw~tch~ng some res~dential 
consumers off for 2-3 days As can be seen from Table 4 7 rationing didn't lead to not~ceable 
reduct~on of electricity consumption in the residential sector 
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The reason behind such a situation is about complete failure of the district heating system Only 
3-4% of families in Tbilisi are supplied by the district heating system In many Georgian 
families young children wonder what for are radiators installed in their flats They never touch 
them warm 

As a result electricity in much degree had substituted district heat~ng and partly natural gas (See 
Table 4 9) According to the data presented electricity is consumed for heating by 45% of 
families and 22% of families have only electricity as a heating source The corresponding 
numbers for cooking are 62% and 16% 

Table 4 9 Distribution of Famrlies by Energy Sources Used for Different Processes 
Ispace Heatmp; 100 01 

only electricity 
only kerosene 
only fuelwood 
only natural gas 
electncitv+kerosene 28 8 

I electricity+natural gas I 4 61 
I electricity +smth else I 45 1 

I onlv kerosene I 9 71 

Coolung 
onlv electricitv 

I I onlv fuelwood 2 71 

100 0 
16 

I only natural gas I 9 71 

I electricity+natural gas I 27 31 
I electricity +smth else I 62 I 
I no electricity I 221 

Source Calculated based on Georg~a Statlst~cal Rev~ew January-February, 1998 Tbills~ State 
Department for Stat~st~cs of Georgia pp 23-27 

Information presented in Tables 4 8 and 4 9 as well as data on countries similar to Georgia by 
climate and economic development was used to estimate the structure of electricity consumption 
by processes 

Residential electricity consumption for 1990 was desegregated by end-uses based on data for 
Russia in 1990 12% was prescribed for space heating, 2% - for water heating, 12% - for 
cook~ng, 26% - for lighting, and the remaining 48% - for appliances (See Table 4 10) 
Electricity consumed by appliances is shared between refrigeratorslfreezers and other appliances 
in almost equal parts An assumption was made that rural residents consume 30% of electricity 
allocated for lighting and appliances All the rest was corresponded to urban residents Russia's 
residential electricity consumption structure of 1992 was used as a basis for allocation by 
processes in Georgia for 1994, although some corrections were made 
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1 I t  was assumed that share of electrlclty consumption by appllances decllned by 2-fold taklng 
into account frequent cut-offs in wlnter tlme preventing from normal use of appliallces 
especially refrigerators Refrigerators are probably used mainly at summer time 

2 The share of electrlclty consumed for space and water heating was estimated as a difference 
between total consumptlon and that for appliances, llghtlng and cooklng As a result, this 
share increased significantly from 13,5% In 1990 to 44% In 1994 As Georgian experts 
confirm, electricity 1s covering the shortage of distrlct heat supply 

3 Electr~clty consumption for water heating was assumed 3-fold larger than that of 1990, and 
the rest electrlclty was allocated to space heating 

Estimates of residential electricity consumption by the end-uses for Georgia In comparison wlth 
the Russian data are presented at Table 4 10 

Table 4 10 Structure of Residential Electricity Consumpt~on by End-Uses (%) 

Source Calculated by the authors 

Based on such data the breakdown of residential electrlclty consurnptlon was made (See Table 
4 1 1  and Fig 4 4) Estimate for 1997 resldentlal electrlclty consurnptlon was made under an 
assumption that all end-uses, except space heating, were kept unchanged as compared to 1994 
An Increase of total electricity consumptlon was allocated to space heatlng 

Table 4 11 Res~den t~a l  Elec t r~c~ty  Consumption ( 1 0 9  kwh)  

Space heating 
Water heating 
Cooklng 
Lightning 
Appliances 
Total 

Russla 1990 

13,5 

11,9 
25,9 
48,7 

100,O 

Source Calculated by the authors 

Georgia 
1994 est~mates 

40,O 
4,3, 

12,9 
24,l 
23,l 

100,O 

Georgia 1990 
estimates 

12,O 
1 ,5 

11,9 
25,9 
48,7 

100,O 

Space heatlng 
Water heatlng 
Cooking 
Lighting 
Reirlgerators 
Othcr appliances 
Total 

Russia 
1992 

16,9 

12,9 
24,l 
46,l 

100,O 

1990 
279 

35 
275 
60 1 
650 
480 

2320 

1994 
859 
105 
31 1 
5 80 
322 
234 

2410 

1997 
1039 

105 
31 1 
581 
323 
234 

2593 



CENEf Electric~ty Demand for Georg~a 1998-2020 

re 4 4 Electricity Consumpt~on i n  Res~dent la l  Sector by E n d  Uses 

3000 

2500 

I 

: Other appliances 
'2000 

: Refrigerators 

: a Lighting 
1500 

: Cmk~ng 

: Water heating 
1000 

: Space heat~ng 

500 

0 

1990 1994 199T 

4 5 Electrlcrty Consumpt~on by Other Major Econom~c Sectors 

Data on aigrlcultural Electrlclty Consumpt~on are shown In Table 4 11 It 1s clear that 
reliability of data for th~s sector 1s not h~gh by any standards Different sources are in 
agreement only for two years - 1996 and 1997 Comparison with production In 
agricultural sector provlded the basis for selecting data from the World Bank report and 
Sakenergo to bu~ld time series for th~s sector (see column flnal of Table 4 12) 

Table 4 12 Agr~culltural Electnc~ty Consumptron Ql(ltA6 kwh) 

Sources 1 Energy No 3, 1997, p 7,2 Energy No 2, q997, p 27, 3 World Bank, p 7, 3 
World Bank, 1996 p 14, 4 Georg~an Economrc Trends TACIS, 5 B&R Tb~lis~ 
off~ce, 6 Sakenergo, 7 Georglan Research Inst~tute of Power Eng~neer~ng 

Authors identified only four sources whch provide iformation on electnc~ty consumption m 
construct~on sector There are more agreement among them on the volumes of consumption 
compmg wth agriculture But stdl there are s~gtllficmt differences for 1993 md 1994 
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Sakenergo data were used for 1995-1 997, data from the "Energy" No 2 for 1993- 1994 and from 
Georgian Research Institute of Power Engineering for 1990- 1992 

Table 4 13 Electricity Consumpt~on in Construct~on (10% kwh) 

Sources I Energy No 3, 1997, p 7 2 Energy No 2, 1997 p 27, 3 Sakenergo, 4 Georg~an 
Research lnst~tute of Power Engineering 

4 5 3 Transport and Communication 

Data for electric~ty consurnptlon In this sector IS the most consistent among all sources available 
The maln reason for some dlfferentlatlon among them IS lncluslon or exclus~on of electricity 
consumption in communlcatlon sector to the aggregate Flnal tlme serles presented in the final 
column of the Table 4 14 does Include communlcatlon for all years 

Table 4 14 Elcctrlclty Consumption on Transport and Communlcat~on (10A6 kwh) 

Soi~rces 1 Energy No 3 1997, p 7 2 Energy No 2, 1997, p 27, 3 B&R Tbil~si office, 4 
Sakenergo, 5 Georgian Research Inst~tute of Power Engineering, World Bank, p 7 

4 5 4 Services 

According to the statistical definition electricity consurnptlon in so called commerc~al sector 
accounts for consurnptlon by all entitles prov~dlng servlces For the purpose of this study two 
major groups of consumers were separated from this sector 

trade and commerc~al servlces 
municipal and public servlces 

Quality of data on commercial services is not high even In developed countries with good 
statistical and accounting systems, not to speak about Georgia 
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4 5 EBectr~c~ty Consurnpt~sn by Other Major Economic Sectors 

4 5 1 Agriculture 

Data on agr~cultural Electrrc~ty Consumptron are shown In Table 4 11 It IS clear that 
rel~ab~l~ty of data for this sector IS not hlgh by any standards Different sources are In 
agreement only for two years - 1996 and 1997 Comparrson w~th production In 
agr~cultural sector prov~ded the bass for selecting data from the World Bank report and 
Sakenergo to build t~me series for th~s sector (see column f~nal of Table 4 12) 

Table 4 12 Agricultural Electnclly Consumpt~on (10A6 kWh) 

Sources 1 Energy No 3, 1997, p 7,2 Energy No 2, 1997, p 27, 3 World Bank, p 7, 3 
World Bank, 1996 p 14, 4 Georg~an Econom~c Trends TACIS, 5 B&R Tb~lrsl 
offrce, 6 Sakenergo, 7 Georgian Research institute of Power Engrneenng 

Authors ldent~f~ed only four sources whrch provide ~nforrnat~on on electrlc~ty 
consumption In construct~on sector There are more agreement among them on the 
volumes of consumpt~on comparing w~th agr~cuiture But st111 there are srgntficant 
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differences for 1993 and 1994 Sakenergo data were used for 1995-1 997 data from the ' Energy ' 
No 2 for 1993- 1994 and from Georgian Research Instltute of Power Engineering for 1990- 1992 

Table 4 13 Electr~c~ty Consumption in Construction (10A6 k w h )  

Sources 1 Energy No 3 1997, p 7 2 Energy No 2, 1997 p 27 3 Sakenergo 4 Georgian 
Research Instltute of Power Englneerlng 

4 5 3 Transport and Commun~cation 

Final 
310 
280 
60 

170 
73 
5 1 

45 5 
37 6 

Data for electnc~ty consumptlon In this sector is the most consistent among all sources available 
The main reason for some d~fferent~ation among them IS inclus~on or evclusion of electnc~l\ 
consumption In cornmumcation sector to the aggregate Final tlme serles presented in the final 
column of the Table 4 14 does include communication for all years 
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60 

100 
1 60 
80 

Table 4 14 Electr~c~ty Consumption on Transport and Communicat~on (10% k w h )  

3 

5 1  3 
45 5 
37 6 

Sources 1 Energy No 3, 1997, p 7 ,  2 Energy No 2 1997 p 27 3 B&R Tbillsl office 4 
Sakenergo, 5 Georg~an Research Inst~tute of Power Engineering World Bank p 7 

2 

170 
73 
5 1 
40 

1990 
1991 
1992 
1993 
1994 
1995 

1997 

According to the statistical definition electnclty consumptlon in so called commercial sector 
accounts for consumption by all entitles prov~ding services For the purpose of this study two 
major groups of consumers were separated from t h ~ s  sector 

1 
310 

160 
80 
50 

trade and commercial services 
r municipal and public servlces 

Quality of data on comrnerclal services is not h ~ g h  even in developed countries with good 
statistical and accounting systems, not to s p e d  about Georgia 
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The electricity consumption data for the total services sector are taken from the "Energy" No 2 
Data on municipal and public services were provided by Georgian Economic Trends Results are 
presented in Table 4 15 

Table 4 15 Electricity Consumption by Commercial Sector (10A6 kwh) 

Sources 1 Energy No 3, 1997, p 7,2 Energy No 2, 1997, p 27, 3 B&R Tb111sl 
office, 4 Sakenergo, 5 Georgian Research Institute of Power Engineering, World Bank, 
P 7 

As in the residential sector there is no district heat available for mumcipal and public services In 
schools heat is provided by fired stoves, or own school boilers burning mazut or natural gas 
Parents are responsible for acquiring fuel for schools 

Trade and commercial 
sewlces 

288 
259 
230 
20 1 
78 
103 
103 
64 

1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 

Many commercial enterprises have their own generators which they use when power is not 
available from the grid 

There are two other important items of electricity balance - own use and losses The first item 
sometimes is shown as a part of electricity consurnptlon by industrial sector, but usually it is 
separated in the electricity balance 

Total Serv~ces 

1200 
1080 
960 
837 
324 
43 1 
429 
398 

There is not too much disagreement on the level of "own use" item provided by 
the four statistical sources (See Table 4 16) To select the r~ght source the 
comparison of own use ratio to volume of generated electricity was used 
Growing role of hydro in the generation balance should lead to the reduction of 
that ratio Based on such crlteria tlme serles for own use was evaluated (column 
final of the Table 4 16) 

Municipal and publ~c 
services 

912 
82 1 
730 
636 
246 
328 
326 
334 
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4 5 6 Losses 

Table 4 16 Own Use of Electricity by Power Stations (10A6 kwh) 

According to the ava~lable sources about one fifth of all electricity supplled to the system is lost 
(See Table 4 17) Losses are of two kinds technical and commercial Below only technical 
losses are d~scussed Technical losses can be separated as those in transmission and dlstrlbut~on 
l~nes  The World Bank made an effort to evaluate the latter Item It equals to about one s~x th  of 
the total consumption 

Real loads are ofren 3-4 times exceeding the norrnatlve one As a result losses are high In 
Tbllisl every week In winter about 15 transformers are burned out and replaced Techn~cal 
university d ~ d  some measuring of techn~cal losses According to the results they are 16% There 
IS an evidence that in winter sometimes one can see a vapor rising from underground electric 
cables 

T r nal 
420 
382 
322 
200 
136 
88 

107 

As in about all other cases d~scussed above, the sources d~sagree on the level of 
technical losses Georg~an offic~al statlstlcs provlde data on losses Namely this 
source was taken as a basis for following calculat~ons 

Sources 1 Hydro Rehabllltatlon Report, 2 Energy No 2 1997 p 27, 3 World Bank, p 7, 3 
World Bank, 1996 p 14, 

4 
432 
419 
312 
121 
230 

Table 4 17 Electr~city Losses (10% kwh) 

3 
420 
3 82 
322 
200 
136 
8 8 

107 

Soilrces 1 Energy No 3, 1997, p 7, 2 Energy No 2, 1997, p 27, 3 World 
Bank p 7, 3 World Bank, 1996 p 14, 4 Energy Balances of Non OECD Countries 
IEAIOECD, 5 Georgian Economic Trends TAClS 6 B&R Tbll is~ office, 7 Sakenergo, 
8 Georgian Research lnstltute of Power Engineerrng 9 Statistical Yearbook, p , 

2 

240 
227 
110 
120 

1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 

1 
432 
4 19 
312 
228 
230 
225 



CENEf Electrlc~tv Demand for Georn~a 1998-2020 

4 6 Evolution of Electricity Prices 

1994-1997 electricity tariffs are shown in Table 4 18 below For major production sectors tariffs 
expressed in dollars are lower in 1997 as compared to 1994 In 1996-1998 tariffs were relatively 
stable Only tariffs for residential sector grew up In order to increase revenues tar~ffs for 
household have been raised by up to 3 3 tetri per kWh at the beginning of 1997 

Another step to rise tanffs was planned for the 1st of April, with the target to equal~ze tar~ffs for 
households and industry at the level of 4 5 tetn It was postponed to July and later to the 1st of 
August 

As the Georgian Economic Trends -(thud quarter 1997) states 

Electrlclty tarlffs for all consumers were unified m August 1997 so that household consumers will now be 
charged the busmess rate of 4 5 tetn/kWh This represents a move towards cost recovery but still does not 
provlde for an investment or maintenance program New tarlffs can be negotiated wrth the Regulatory 
Commission if Investment funds are attracted to the sector 

Table 4 18 Electricity Tarlffs Dynamics, US cents/kWh 

Sources *) Georgia Energy Sector Memorandum The World Bank, 1996 
**) Georgian Economlc Trends TACIS third quarter 1997 report 

Industr~al enterprises 

Agr~culture 
Transport 
Budget organizations 
Population 

Other 
Dlstrlbutlon 
companies 
Telasi dlstrlbutlon 
company (Tbllisl) 
Tblllsl Interbank 
currency exchange 
rates, GELNSD 

In 1995 there were some experiments with tariffs seasonal tariffs and block tariffs Then tariff 
setting system was simplified Even large industrial consumers do not have capacity charge All 
customers are paying only for a power charge On 27th of June 1997 the Parliament ratified a 
law on electricity The law defines the functions of the Regulatory Commission which is to set 
electricity tariffs 

So far the tariffs in electricity are set as follows generators sell a kWh of electricity to Sakenergo 
at the average price of 1 55 tetri (however the average price of a kWh produced by hydro-power 
plants is 0 5 tetn, while by thermal ~t is 4 3 tetri), distributors buy a kwh from Sakenergo at the 

smce 
Sept 
1994* 

4,6 
4,6 
4,6 
4,6 
4,6 

4,6 
NIA 

NIA 

1 40 

1 June- 1 October 
1995 (seasonal 

tariffs)* 
3,46 
3,46 
3,46 
3,46 

1,9 for the first 
100 kWh per 
month, 3,46 for 
the consumption 
above 100 kWh 

3,46 

2,1 

1,6 

1,3 

1995 wmter 
season* 

3,60 
3,60 
3,60 
3,60 

1,98 for the first 
100 kwh per 
month 3,60 for 
the consumption 
above 100 kWh 

3,60 

2,5 

2,5 

1,25 

1996** 

3,31 
3 3 4  
3 54 
3,54 
1,80 

3 3 4  
NIA 

NIA 

1,27 

1997 (9 
months)** 

3,38 
3,29 
3,29 
3,46 
2,58 

3,29 
NIA 

NIA 

1 3  

since Sept 1997** 

3,46 
3 46 
3,46 
3 46 
3 46 

3 46 
NIA 

NIA 

1 3  
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average prlce of 2 7 tetri There are 5 categories of distribution areas and In the b1g clties the 
price IS the highest - 2 8 tetrl The Commission is to work out different methods of setting 
tarifirs 

4 7 Collection Rates 

Collect~on ratcs are crucial parameters for the present and future of Georglan power sector 
Average rates fell down from 72% in 1990 to 9% In 1994 Then they grew up to 64% in 1997 
(See Table 4 19) Payment disc~pllne was improved both In residential and in commercial 
sectors 

Tablc 4 19 Collect~on rates, % 

Sources +)  Georg~a Energy Sector Memorandum The World Bank 1996 
**) TACIS thlrd quarter 1997 report 

To ralse collect~on rates for the residential sector the separation of special portlon of salaries was 
lntrod~lced to pay for electricity For those who work In the government sector it was set at 2 5 
larl per month For pensions of ret~red persons ~t was set at 1 8 la r~  per month This portion 1s 

dlrectly transferred to Sakenergo That Improves payment d~scipline, but provides no lncentlve 
to use power more efficiently Whrle power supply is still under rat~oning, the collect~on 
problem is more significant then incent~ves for efficiency 

Meterlng of electricity consumed IS a very serious problem to be solved In Georgia According 
to experts from "Telasi", about 80% of ~ndlv~dual electrlc meters are out of order 

1996** 

40,l 

89,2 
20,O 

Another ~nnovation wh~ch seems to provlde a negative impact on the collection rate is transition 

from the system of reading meters by Inspectors to the system when readings will be made by 
res~dents themselves Such a system is used for a long time in Russ~a In Georgia ~t was 
Introduced only from the April 1998 

1993* 

24,O 

64,O 
3,6 

1997 
(9 montl~s)** 

63,6 

8 1,5 
40,5 

1992* 

70,O 

84,O 
5,O 

Average collection rates, 
of which 
Industr~al enterprises 

Residentla1 sector 

Experts irom "Telasi" expect s~gnlficant reduction of collection rates due to the introduction of 
new system It should be noted that in Russia the collection rate w ~ t h  this system IS 85-95% 

1994* 

9,1 

16,O 
12,5 

The farlure to collect payments lead to 

1990* 

72,O 

f ~ ~ e l  shortages, 

1991* 

91,O 

97,O 

uncler-investment in thermal power, In part~cular to the Gardabani thermal plant which IS one 
of thc main sources of electricity supply during winter per~od, 

a hindrance to any potential investors 
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5 Modellng Complex for Forecast~ng Electricity Demand In Georg~a 

5 1 Uncertainty of Electrlc~ty Demand Project~ons 
There were several efforts made by different institutions to dismiss the mist of uncertainty which 
covers the future growth of electricity consumption in Georgla Those are very important 
exercises keeping In mind that shortage of electricity IS already a barrier to economlc revlval, and 
it w l l  be an obstacle to future economlc development, if the situation wlth electricity supply 
does not change To change the situation it IS important to know electricity demand and load 
patterns of future economlc growth This IS needed to allocate scarce resources in a way that best 
eliminates the negative impact of electrlcity shortage in slowing the economlc growth 
High uncerta~nty of hture electrlcity demand is a derivative of high uncertainty of economic 
evolution in Georgia A number of specific features produce addltlonal difficulties in projecting 
Georgian electricity demand 

the economy IS m severe transformation, w th  major structural changes under way, 
electricity tariffs as price signals have limited impact on consumers' behavior because of 
poor payment enforcement, 
the pattern and the level of consumption, therefore, have been little affected by pnce 
increases and income changes, 
because of the poor state of electnc installations, dellvery and consumptlon infrastructure has 
been constrained by low supply availability in recent years 

Table 5 1 lists the most recent projections of electricity demand made by several institutions or 
research groups Analysis of data presented brings to the followng conclusions 

local experts come wlth hlgher projections of electricity consumptlon comparing with foreign 
ones, 
the more recent are projections made by local experts the lower they are, 
level of uncertainty for future demand IS hlgh projections for 2000 vary in a range from 8225 
to 14000 million kWh, for 2005 - from 11457 to 19000 million kWh, and for 2010 - from 
15000 to 24000 million kWh 

Table 5 1 Rev~ew of Electrlclty Demand Project~ons Developed by Different Groups of 
experts, Gwh 

Expert groups 
Sakenergo I '  

sakenergo"' 
1BRD5' 
Pessimistic Scenario 
Optimistic Scenario 
EU (TACIS) " 
Baseline 
Modified 
GRIPE", low 

hlgh 

1997 
10250 
7363 

71 13 
7322 

8900 
6262 

1998 
11500 
7900 

8283 
8824 

9755 
6863 

2000 
14000 
9900 

963 1 
10987 

11689 
8224 

12500 
14000 

1999 
12000 
9000 

9069 
9999 

10846 
763 1 

2005 
18000 
12400 

11457 
14767 

17000 
19000 

2010 

15000 

22000 
24000 
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1 )  Actual data up to 1995 projected values are presented from 1996 and only Scenar~o I 1s taken 
~ n t o  account Projection was made 111 1996 '' Projection dated April 15 of 1997 

') Georgia Power Rehabllitatlon Project Staff Appraisal Report page 4 
4,  Hydro Rel~abil~tat~on Report 

D Zub~tashvilli and Arveladze Georg~an research lnstltute of power engineering (GRIPE) 
Current Georg~an power industry sltuat~on and tile prospects for development "Energy", No 3 
1997 

5 2 Revlew of Forecasting Tools Used by Other Research Groups 

I1 is well known that a result of a projection is a funct~on of two major factors expectations of 
authors and qual~ty of model used for projections When publish~ng results authors sometimes 
descr~be the model whlch was used to get those results In such a case the procedure of getting 
results based on glven scenarios is transparent That is the case with the Georgia Power 
Rehabilitation Project, Staff Appraisal Report In cases of Sakenergo and GRIPE projections we 
do not have any description of models or even logic which was used as a basis for projections 

5 2 1 Georgla Power Rehabllltation Project Model 

T h ~ s  model is represented by only one equatlon Even this equation's parameters were not 
evaluated based on Georgian statistics, but rather were taken from International experience 

Authors call t h ~ s  equatlon a dynamic consumpt~on model There are three factors affecting 
electricity demand changes in GDP (gross domestic product), price adjustments (including 
lagged effects) and supply constraints - used to forecast annual demand for electricity for the 
per~od 1998-2005 

The authors describe the model approach by the following way 

over the long-run, the way and speed of economlc growth determines largely how energy 
demand will be supplied and at what price, 

the model implicitly suggests that the economy would stabilize sufficiently (structurally and 
behaviorally) by the beg~nning of the period, 

slnce statist~cs on household appliances, industrial and commercial energy uslng electr~city 
are v~rtually nonexistent in Georgia, the chosen demand model is based on the "partial 
spec~fication", which introduces a proxy for the user's equipment stock, 

the model states that consumption in year t 1s explalned by the value of all the explanatory 
variables in that year plus the lagged base varlable (1 e , the energy consumed in the prior 
year), 
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to express the relationship between the dependent and Independent variables, a dvnamic 
double-log was used The key advantage of this model is that it provides estimates of both 
short- and long-run elasticities, 

the estimated coefficients are the short-run elasticities that measure the proportional change 
of a dependent variable due to the proportional changes in the independent variables, 

glven the absence of an adequate t~me-series on consumpt~on and tar~ffs (the available data 
extended from 1989 to 1995), the estimated electric~ty demand elastic~ties are essentially 
judgmental in nature, 

although regression analysis was performed, the quality of the estimates was so poor, given 
the low number of observations and the deficient data quality, that we rely more on judgment 
than on the regression results 

Table 5 2 presents the coeffic~ents used in the projection The magnitudes of the elasticities are 
hgher for income than for prlce Although the estimated demand is very inelastic to price 
changes in the short-run, the long-run prlce elasticity is significantly higher 

Table 5 2 Georgian Electricity Demand Model 
- - 

Table 5 3 serves as a justification of selected values for model The justification is very 
questionable none of countries presented has price elasticity coefficient close to what was used 
for Georgia, and only Venezuela has close long ran income elasticity 

Coefficients 
Long-term elasticities 

Table 5 3 Average Long-run Elasticities of Electr~city Demand in Selected Countr~es 

Constant 

1 79 

There are two major points of criticism of the model used by IBRD 

Tariff 
Income 

oversimplification of the situation by projecting just overall electricity consumption wlthout 
separating it by sectors, where forces driving electricity demand are very different and can 
not be explained by just two factors GDP and pnce, 

In GDP 

0 34 
0 72 

arb~trary selection of crucial model parameters, which completely explaln the results of the 
projections, 

Georgia 
-0 10 
0 72 

In Tanff 

-0 05 
-0 10 

Westley 
-0 48 
118  

In Lagged 
Demand 

0 53 

Dummy 

0 20 

Brazil 
-0 83 
1 08 

Mexico 
-0 40 
1 09 

Venezuela 
-0 53 
0 79 
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separation of situation in electricity consumption from changes in overall energy balance and 
evolution availability of prices for other energy carriers 

Such model is not capable to incorporate any energy efficiency improvements or integrated 
resource planning polices 

5 2 2 GRIPE Model 

The model used by GRIPE is not strictly described in the text But the way results are presented 
gives some ground for logical reconstruction of model used Project~ons of electricity demand 
are given by sectors and within the industrial sector - by branches 

Therefore there was a suggestion made on the rates of GDP growth and corresponding growth of 
economic activities in all sectors and industrial branches How that was made 1s not clear from 
the publication Then some suggestions were made on the evolut~on of energy intensities for 

each sector Finally the shares of electricity in the energy balance for each sector were 
determined and electric~ty demand for each sector was estimated 

There are several problems with such model 

m no price or other market indicators impact is evaluated, 

energy intensity reductions are arbitrary, they do not depend on both tariffs and energy 
efficiency improvement activities, 

the evolut~on of electricity shares in energy balances for each sector are determined basing on 
a rule of thumb 

S~milar approach was used in Russia by Energy Research Institute when projecting energy 
demand It always resulted in overestimated the level of electricity consumption 

5 3 The CENEf s System of Models 

The system of models for projecting electricity demand in Georgia have to be developed in 
accordance with the complexity of the factors affecting demand in different sectors and 
availab~lity of stat~stics for identification of those factors effects Seven models were used for 
making projections of electricity consumption and loads for the years 1998-2020 (See Fig 5 1)  
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Flg 5 1 System of Models for Project~ng 
Georg~an Electr~c~ty Demand 

- 
- COMPARE 

- 
ECONOMY 

v v 
GEL 

Those models are 

A 

piq4- 

COMPARE This is the model for ident~fication of correct time senes from historical data 
which later are used in all other models If some corrections of statistical data occur, 
historical data will be updated in all other models, through connect~ons established 
Results of this model were presented in section 4 

GEB 

ECONOMY This econometric model was built to estimate rates and proportions of 
economic growth, when rates of GDP are given Output of this model is used as 
economic activity input in all other models 

GELRES 4+ 

GELGDP This model was developed to estimate electr~city consumption by different 
sectors of economy Own use by the power generation system and technical losses are 
also cons~dered by t h ~ s  model Only two sectors are considered separately - industrial 
sector and residential sector 

GELIND This model is used to make projections of electricity consumption by branches 
of industry 

GELRES This model was built to estimate electnclty consurnptlon in residentlal sector 

GEL This model was adopted for Georgia to make projections of electric loads and pick 
demands 

GEB This CENEf s model was adopted for Georgia GEB is an energy balance model 
which provides projections for six prime energy resources, six secondary energy carriers, 
and ten sectors of energy consumption Thls model allows to evaluate the impact of 
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evolution of energy prices and taxes on energy demand For this study that model was 
uscd to control the quality of results received by the GELGDP This control IS performed 
in two ways F~rst, GEB project electricity demand by sectors for the same 
macroeconomic scenario Therefore, each scenario has two projections made The 
GEB's projections are used only as control numbers for the GELGDP model Second, 
when GDP growth rates for the future are selected, some limits of growth are to be taken 
Into consideration One of them is a lack of foreign currency to pay for energy lmpofls 
GEB estimates volume and value of energy Imports and prov~des indicators of 
consistency of proposed rates of GDP with foreign trade l~mitations 

5 4 ECONOMY - model for project~ng Georglan economy 

As was mentioned above the ECONOMY IS an econornetrlc model wh~ch was bulld to estimate 
rates and proportions of economic growth, when rates of GDP are given 

T h ~ s  models consists from three blocks 

GDP by expenditures (6 equations), 

GDP by sectors (8 equations), 

Industry by branches (1 0 equations) 

All model parameters were estimated statistically based on the time series of 1990-1998 As a 
rule, economctric equat~ons include one or two factors Very limited time serles do not allow to 
build more complex equations Nonetheless, in all cases correlation was very strong 

Factors included in each equation in every block are shown in Tables 5 4 -5 6 GDP IS the major 
~nput to the model Based on it gross fixed capital formation, government consumption, private 
consumption, export, import, and external debt are estimated 

Table 5 4 Structure of GDP by Expend~tures Block of the ECONOMY 

Those parameters later are used to determine value added by the 8 sectors of economy The first 
and the second set of variables serve as an input to the block where output by 10 branches of 
industry is evaluated 



CENEf Electr~c~ty Demand for Georgia 1998-2020 

Table 5 5 Block of the ECONOMY Structure of GDP by Sectors 

Table 5 6 Block of the ECONOMY Structure of Industry by Branches 

Therefore the logic of ECONOMY is reverse to many other econometric models which are 
structured to identify future GDP 

There is a problem with ECONOMY which is to be mentioned This model reproduces only 
relationships of economic variables monitored in 1990-1997 Therefore it should be used very 
carefully for projecting proportions of economic growth for 1998-2020 for the country which is 
coming through the transition 

5 5 GELGDP - model for project~ng electricity demand by major sectors of economy 

GELGDP - the model to estimate electricity consumption by different sectors of economy Own 
use by the power generation system and technical losses also are considered by this model Only 
two sectors are modeled separately - industrial and residentla1 

GELGDP includes three blocks with each block developed to evaluate the impact of crucial 
factors on the evolution of demand 

economic activity Impact block, 
electricity price impact block, 
energy efficiency policy impact block 
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The first block was developed to estlmate Impacts of two major factors 

the structure of economlc growth by sectors, and 

electricity intensities affected by the characteristics of economic growth 

The structure of economic growth by sectors is determined by the ECONOMY model One more 
exogenous variable - electricity generation - is introduced as an indicator of economic actlvity to 
evaluate "Own use" Electrtc~ty demand projected as a sum of electric~ty consurnptlon by sectors 
then is used as an indicator of economic ac t~v~ty  to evaluate technical losses 

Electricity intensities are affected by many factors Among them are 

level of production capacity use, 

l~mitations on power supply 

The first factor leads to the growth of electrlclty Intensity other things are equal due to substantial 
portion of non-production related electricity consumption (lighting, ventilation, etc ) Table 5 7 
confirms the Importance of thls factor In 1990-1993, electricity intensity in many sectors grew 
up exactly due to the reduction of capacity use 

For "Own use" the intensity is counted as the electric~ty consurnptlon for own use related to the 
volume of electricity generation For technlcal losses thls Index IS a ratlo of technlcal losses to 
the amount of total electricity consumption 

The second factor leads to the reduction of electricity intensity, due to utilization of every 
possible measure to cut down electricity use to meet llmits and to keep a production facility 
alive In such a sltuatlon even electricity use requlred by technology are cut down (for example, 
Iight~ng) In 1994-1 997, electrlclty lntensltles felt down due to both strict l~mitatlons of power 
supply and frequent power cut-offs 

One more observation comes from the Table 5 7 sharp fluctuations of electric~ty intensities in 
separate years It means a low reliability of either data on electrlclty consumptlon for those 
years, or data on value added by sectors 

Tablc 5 7 Electrlc~ty Intens~ty of GDP by Sectors (kwhilart In 1995 prices) 

Sourcc Calculated by authors 
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Revival of Georgian economy will be accompanied by the growing reliability of power supply 
and therefore less strict limitations, followed by an abolishing of limitations and steady growth of 
capacity use in many sectors That clearly will provide impact on the level of electricity 
intensity 

It is proposed that when limitations are still in force the average electricity intensities for 1995- 
1997 will be used to determine the level of consumption When limitations are removed then 
average intensities for 1990-1 991 are used 

It is assumed that lessons of 1995-1997 limits induced strong energy conservation will be never 
forgotten and electricity intensities will never reach a level of 1992-1 994 even if the production 
capac~ties are not fully loaded 

The output of the first block of GELGDP serves as an input to the second block which allows to 
estimate the price impact on electricity demand 

As was correctly mentioned in the IBRD study that there is no statistical base to determine the 
level of pnce elasticity using econometric tools Therefore, some proxies are to be used As a 
proxy we used results of CENEf s study for Rostov-on-Don oblast and Krasnodar krai ' 
Those two regions are located at the similar to Georgia climate conditions, they also have limited 
avsulability of power, go through the similar process of transition to a market economy In other 
words, those two regions are probably the best proxies for Georgia MTD-CENEf model was 
built for those regions to estimate the impact of tmffs policy impacts on a utility's revenue 

Price elast~city coefficients for those two utilities without specification them by names (that is 
the provision of the contract) are presented in Box 1 below 

Majority of the presented coefficients are negative in the full accordance w ~ t h  the theory of 
market demand That is, tariff growth brings along consumption reduction However, the 
reduct~on is different by different groups of consumers 

1 I Bashmakov, S Sorok~na A Perevozchlkov Evaluat~on of Tar~ff Policy Impacts on a Utll~ty s Revenues 
CENEf Moscow 1996 Under the contract wlth Paclfic Nat~onal Northwest Laborator~es 

43 
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Box 1 
Electricity Pr~ce  Elasticity of Demand and Debt for Two Russ~an 

Electrlc Utilities 

P ~ I L C  Elast~city of Demand Util~ty 1 Utility 2 
Large industrial consumers -0 190 -0 297 
Resideillla1 sector -0 204 -0 180 
Small industi la1 consumers -0 143 -0 175 
Public and municipal sect01 0 -0 069 
Railroads 0 -0 068 
In clly transport 0 0 
Agricultural sector -0 271 -0 015 

Pr~ce  Eld~sticity of Debts 
Industrial sector 1 2  
Agricultural sector 1 7  

Source I Baslimakov S Sorok~na Evaluat~on of tar~ff  policy Impacts on ut~lit\, s revenues Energy Efflclency ' 
17, 1996 CCNEi  

Based on the results of this study elasticity coefficients were selected and ~ncorporated to the 
model (See Table 5 8) 

Table 5 8 Electrlclty Price EIast~c~ty of Demand Used In GELGDP 

Electr~c~ty price elasticities in Russian regions are lower than in Western European countries 
One of the most resent study for Denmark evaluated average price elasticity equal -0 41, with 
fluctuations in the range from -0 29 to -0 56 in separate sectors2 Therefore, on the one hand, the 
elasticity coefficients chosen for the model are lower than in West European countries, as it 
sho~ilci be, and, there is no much difference in the value of elastlcitles for branches of industry 

Industry 
Construction 
Agriculture 
Transport and communication 
Tradc 
Serv~ces 
Other 
Population 

Given .;cenario of electricity prices fluctuations and presented above elasticity coefficients allow 
evaluate price impact on electricity consumption by sectors 

2~ Togeby T Bjorner and K Jonansen Evluation of the Dan~sh C02 Taxes and Agreements Parer 
presnted at the lndustrlal Energy Efflc~ency Pollc~es Understand~ng Success and Failure Urtrecht 11-12 
June 1998 
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1998-2000 
-0 10 
-0 10 
-0 10 
-0 05 
-0 10 
-0 08 
-0 10 
-0 10 

2000-2020 
-0 20 
-0 20 
-0 20 
-0 10 
-0 20 
-0 10 
-0 20 
-0 20 
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The third block of GELGDP accounts for energy efficiency improvement measures (EEMs) 
Agan all measures for industrial and commercial sectors are considered by the corresponding 
models - GELIND and GELRES Here EEMs for all the other sectors are considered 

Those sectors were dlvlded by two groups 

1 Construction, agriculture, transport & cornrnunlcation, and own use, 

2 Trade, services, and others 

For each of these groups the structure of electricity consumption by processes was evaluated, 
based on both expert estimates received during the contacts with Georgian experts and on slmilar 
data for other countries (See Table 5 9) That was the only way to get such information 

Table 5 9 Structure of electricity consumpt~on by processes (%) 

Source Estimated by authors 

Based on the shares from Table 5 9 and data on total electricity consumption for 1990 and 1996, 
volumes of electricity consumed by processes were estimated for 1990 and 1996 

Next step allows to identify energy efficiency improvement potential by processes To do that 
the potential for efficiency gains for each process was evaluated (see Table 5 10) Primarily it 
was estimated as percentage to the level of consumption and then as amount of electricity 
savings for 1990 and 1996 

Table 5 10 Electr~city Efficiency Potential (%) 

Lighting 

46 
46 
46 

Trade 
Servlces 
Other 

Source Estimated by authors 

Equ~p- 
ment 

8 
15 
10 

Refr~geration 

12 
12 
12 

Others 

18 
11 
16 

Space 
heating 

14 
14 
14 

Total 

100 
100 
100 

Water 
heating 

2 
2 
2 
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Only economically attractive EEMs are to be Implemented The determination of economic 
parameters for each proposed measure was done based on data presented in Table 5 1 1  ( th~s  
Table is used only as an lllustratlve example) 

Motors efficlency improvement can be achleved by several ways listed in Table 5 1 1  Each way 
has dlrferent costs and effects Share and corresponding volume of each measure In the total 
potentla1 for efficlency Improvement are shown In the two first columns of Table 5 1 1 Based on 
such data and life cycle cost approach the cost of saved energy (CSE) IS evaluated Slmilar table 
was built for 1996 

Table 5 11 Costs of Saved ~ l e c t n c i t y ~  

Source Calculated by authors 

If electrlclty prices are above the CSE, the glven measures are Implemented The scale of 
~rnplementat~on is determlned by two major factors 

Correct~on of  over- 
sizing 
Cfficlent motors 
Adjustable speed 
drlves 
Control systems on 
blowers and pumps 

level of capacity use (measured as a ratio of electricity consumption In glven year to the 1990 
level), and 

Share ~n 
the 

potentla1 
yo 

10 

15 
50 

25 

r technology penetration rate 

Volume 
of savlngs 

10% 
k w h  

5 6 

84 
279 

139 

The potential determlned for 1996 IS under utilization slnce the very beginning As value added 
in given sector grows, the rest of the potentlal (the difference between 1990 and 1996 potentials) 
is used proportionally to the level of electrlclty consumption in that year to the level of 
consumption In 1990 Technology penetration rate depends on the life tlme of equipment and 
aggressiveness of the state energy efficlency policy 

Spec~fic 
~nvestments 

$/kW 

100 

200 
200 

150 

Hours 

3000 

3000 
3000 

3000 

An illustrative example of such calculation IS shown in Table 5 12 

3 All calculat~ons for the cost of EEMs were made based on the l~ fe  cycle cost approach 
LCC=Cc+alCRFtr+SVl(l +r)Y 
Cc- ln~ t~a l  cap~tal costs 
CRF = r l [ l  -(I +r)"(-t)] 
PWF=SV/(l +r)9 
r-d~scount rate 
t -equipment l~fetlme 
SV- salvage value 

C a p a c ~ t ~ e s  to 
apply 
ECMs 

10A3 hW 

18 5 

27 8 
92 9 

46 4 

Total 
~nvestment 

10A3 US$ 

1858 

5575 
1858 

6969 

Cost of  saved 
energy 

$/lo00 ItWh 

8 

17 
17 

13 
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Table 5 12 Evaluation of Savings for Adjustable Speed Drives 

Source Calculated by authors 

Cumulative savings 

Similar calculations are made for each of proposed EEMs which wlll be described in more 
detalls in the Section 6 Cumulative electricity savings are then allocated to every sector based 
on its share in the potential and then are deducted from electricity consumption by the sector 
adjusted to the price evolution 

Therefore there are three levels of electricity consumption est~mated for each sector 

Kwh 
1 OA6 
Kwh 

economic activity drlven, 

economic activity and pnce driven, 

2 03 

economic actlvlty, price and energy efficiency pol~cy driven 

The final index is the output of the GELGDP model 

5 6 GELIND - Electricity Demand Projecting Model for Industrial Sector 

5 56 

GELIND IS used to make projections of electriclty consumption by branches of industry By the 
concept it is very close to the GELGDP model In fact the GELIND model was built first and 
served as a prototype for GELGDP 

GELIND also includes three blocks 

economlc activity ~mpact block, 

10 72 

electriclty price impact block, 

energy efficiency policy ~mpact block 

Below we will stop only on the specifics of GELIND 

16 89 

Table 5 13 illustrates that in 1990-1994 electricity intensity in many branches grew up due to the 
reduction of capacity use And in 1995-1997, it declined under the pressure of limitations and 
power cut-offs 

For 1998-2020 so called autonomous technological progress parameter IS introduced Into the 
model The reason behind it is the steady replacement of the equlpment stock which take place 
only through acquisition of new equipment Modern equlpment is as a rule more efficient than 
the replaced one Therefore just regular replacement of obsolete equipment leads to the 
reduction of electric intensity It was proposed that annual rate of such autonomous reduction IS 

1 percent 

25 66 39 95 59 81 
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Table 5 13 Electricity Intensity of Industr~al Production 
(ltWh/Lari in 1990 prices) 

Source Calculated by authors 

Bidding Mat 
L~ght  
Food 
Other 

Prlce elasticities for all branches are taken equal They are -0 05 for 1998-2000 and -0 1 for the 
situation with limltatlons and correspond~ngly -0 1 and -0 2 for the situation with no limitation 

The logic of EEMs incorporation Into the model is completely similar to the one already 
described for GELGDP 

0 79 
0 I I  
0 12 
1 82 

5 7 GELRES - Electr~c~ty Demand Projecting Model for Resldentlal Sector 

GELRES is used to make projections of electrlclty consumptlon in the residentlal sector It IS 

also very close to both GELIND and GELGDP models and includes the same three blocks 

0 54 
0 07 
0 13 
2 03 

population growth driven, 
population and price driven, 
population, price and energy efficiency pollcy dr~ven 

GELRES projects electricity consumption by end-uses - space and water heatlng, cooklng, 
Ilghtlng, and appliances - for urban and rural residents separately 

1 52 
0 06 
0 14 
2 85 

Several major factors drive energy demand In the resldential sector living area and number of 
habitants saturation of resldential sector with major communal servlces and appliances, personal 
Incomes, price for electrlclty and availablllty of energy supply 

Per caplta electricity consumption by end-uses, according to the authors estimates, IS presented at 
rable 5 14 

As can be seen, there was a substantial growth of electricity consumptlon for space and water 
heating 111 1997 as compared to 1990 That was the result of a shortage of distrlct heat supply 
Simultaneous reduction of electricity consumption by refrigerators and other appliances was 
caused mainly by frequent power cut-offs In winter tlme As electricity supply becomes 
adequate, with no cut-offs and limltatlons, and a problem of space heatlng is b a n g  solved by 
means of either district heating system recovery, or through decentral~zatlon of heat supply, with 
parallel gas meters ~nstallation, and implementation of other measures, the situation IS llkely to 
change gradually Per capita electrlclty consumption will approach elther 1990 level, or the level 
achieved In developed countries 

0 44 
0 14 
0 34 
2 35 

0 65 
0 46 
0 40 
1 67 

0 81 
0 29 
0 68 
2 50 

1 29 
0 20 
0 18 
0 47 

1 29 
0 20 
0 18 
0 47 
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Table 5 14 Per caplta resldentlal electricity consumption by end-uses (toelcaplta) 

1997 
0 0296 
0 0030 
0 0089 

End-use 
Space heatlng 
Water heat~ng 
Cooklng 
Lighting 

Refr~gerators - 

Source Calculated by authors 

Urbadrural 
urban 
urban 
urban 
urban 
rural 
urban 

Prlce elasticities for residential sector are assumed at -0 2 regardless of lim~tations 
The logic for incorporation of EEMs into the model IS completely similar to what was already 
described for GELGDP 
5 8 GEB - Energy Balance Model 
As lt was already mentioned, developed by CENEf long-term energy balance model was adopted 
for Georg~a and named GEB This model has several macroeconomic Inputs from ECONOMY 
Some model parameters are generalized based on results of model run for GELIND and 
GELRES In add~tion to macroeconomic variables there are several exogenous parameters in the 
GEB energy production, energy export by sources, energy prices and energy taxes GEB's 
output for each year looks like Table 5 15 presented below for 1990 

1990 
0 0078 
0 0010 
0 0077 

I I 

Other appl~ances 

Table 5 15 Georglan Energy Balance for 1990 (10A3 toe) 

Source Calculated based on Georg~a Energy Sector Memorandum The World Bank January 16 1996 

0 01 18 
0 0065 
00111 

rural 
0 0111 
0 0030 

urban 
rural 

0 0125 
0 0050 
0 0054 

0 0091 I 0 0047 
0 0054 
0 0016 
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I-Ilstor~cal data for energy balances are limlted by data presented by the World Banh Those data 
arc not always consistent and presented only for 1990-1 994 wlth 11inited data available f o ~  1995- 
1997 Application of model based on such statistical base for 1998-2020 is very questionable 
Therefore, GEB calibrated on the very limlted statistical basls was used by the authors only as a 
control model to get double check of the quallty of results received by the GELGDP 

This control IS performed in two ways First, GEB projects electrlclty demand by sectors for the 
same macroeconomic scenario Therefore for each scenarlo two projectlons were made The 
GEB's projectlons are used only as control numbers for the GELGDP model Second, when 
GDP growth rates for the future are selected, some limits of growth are to be taken into 
cons~deration One of the major limits IS lack of foreign currency to pay for energy Import GEB 
estimates volume and value of energy Import and provides lndlcators of consistency of GDP 
proposed rates growth with forelgn trade limitations 

This model allow to evaluate the impact of energy prlces and taxes evolution on energy demand 



CENEf Electrlclty Demand for Georg~a 1998-2020 

6. Energy Effic~ency Improvement Opportun~t~es in Georg~a 

6 1 Energy Efficiency From Rhetoric to Actions 

Energy efficiency impact on the electricity demand is evaluated in the special block of three 
models - GELGDP, GELIND and GELRES Part of the Section 5 was devoted to the logic 
through which efficiency is incorporated Into each of those model Below the most promising 
energy efficient technologies applicable in Georgia as well as the scale of their application are 
shortly described It should be noted that the more detailed investigation of energy efficiency 
improvement potential is required 

The special study on how to promote energy efficiency in Georgia, which later can become the 
basis for development of the Presidential Program "Energy Efficiency in Georgia for 1999-2005" 
is required as well 

Historically, m the former USSR energy efficiency was a subject of much rhetoric and little 
concrete act~on And it is still in Georgia There is a very strong process of energy conservation 
by the switching consumers off, but there is a very weak process of improving energy efficiency 

Strong programs linked to sectoral and regional activities are cntical Energy efficiency 
objectives should be carefully integrated wlth industrial, social, fiscal and other policies that 
affect energy use 

Often, Georgians equate energy efficiency with energy technologies An important development 
over the last few years has been production and distribution of metering equipment Technology 
must be appropriate and integrated with policy and practice in the location where it is used and 
with the users The least-cost approach to energy efficiency improvements requires integrated 
solutions 

In developing its approach to energy policy, Georgia should make energy efficiency a priority 
Russian and western practices show that the resolution of present-day energy related problems 
requires a well-formulated energy efficiency improvement policy So as to develop and 
implement this policy, federal and regional authorities need to be formed to administer activities 

in this field 

Without institutional measures, converting Georgian economy to the energy efficient path will be 
an extremely difficult task Energy saving potential will only remain a potential if no institutions 
are created to initiate its practical implementation 

To spur energy efficiency there is a need of an appropnate economic environment economic 
incentives and motivation of market agents to reduce production costs by investing in energy 
efficiency Energy price reform and privatization process provide such motivation Growing 
energy efficiency reduce production costs and, therefore, provide basis for further economic 
growth 

All those problems are to be risen and solved to clean the entrance for efficient technologies 
penetration 

Below we will concentrate only on technological aspects of energy efficiency improvements, just 
to get understanding whether it is worthwhile to develop a Presidential energy efficiency 
improvement program or potential effects are too small to do anything 
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Estimates of potential for some technologies should be based on the understanding of the 
electricity consumption structure by industrial processes 

To provoke discussion CENEf prepared a table based on data for other countrres Those tables 
were discussed with Georgian experts rncluding energy managers of large industrral plans and 
the result of such an effort is presented in Table 6 1 Thrs table served as a basis for 
dctermination electricity consumption by processes for both 1990 and 1996 Results of 
evaluation of electr~c~ty consumption by processes were then used to estimate electricity 
efficiency rmprovement potential 

Table 6 1 Structure of Electrlclty Consumption by Industrial Processes 

Source result of the pull conducted by CENEf s experts 

G 2 Energy Efficient Technolog~es in the Industrial Sector 

Only several crucial technologies were considered in this section (See Table 6 2) In reality 
much more opportunitres to improve efficiency do exist, but for the proper identrfication of those 
much dceper research is required 

V,lr~able (Adjustable) Speed Drives (VSD) are capable of controlling the speed of AC 
induction motors- the most commonly used electric motors in industrial processes and utility 
operations About 20% of Georgian electrical consumption used to drrve AC electric motors 
Applrcation of VSD has a potential to save about 30-40% of electric energy of motors which 
work with var~able load VSDs provided several benefits 

save electricity, 

* Improve system efficiency, 

Improve equipment reliabilrty by permitting soft start and smooth slowdowns, 

reduce the noise and save working space 

VSDs can be used to improve the process control in the metallurgical, chemical, food, buildrng 
materials industries, etc 
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Table 6 2 EEMs for the Industrial Application 

Transformers Under loaded input transformers (1 1016 3 kV and 6,310,4 kV) actually work in 
the regime of idle run which leads to overheating of equipment and sign~ficant energy losses 
Additional installation of rather low capacity transformers can solve thls problems and save 
about 10% of electricity 

After the transition to design consumption regime new installed transformers could be used to 
supply electricity to separate workshops 

Pay back per~od 
(years) 

3-5 

1-1 5 

2 

1 5-2 

1 5-2 

1 

2-3 

2 

Measure 

Independent 
energy source 

Installation of the 
input trans-formers 
with the optlmal 
capacity 
Motor savers 
(overloading and 
overheatmg 
protection) 

Variable speed 
drlves (VSD) 

Motors swltchlng 
off durmg the Idle 
run perlod 

Decentrallzatlon of 
compressed alr 
SUPP~Y 

Compensators of 
reactlve power 
Electrlclty demand 
control systems 
(energy 
monltormg) 

Compressors Over slzlng of main energy consumers in Georgian industry as a result of 
production reduction leads to inefficient use of electricity For example huge compressors at the 
metallurgical plant work at about 10% of design capacity The decentralization of compressed 
air supply network and installation of small compressors can decrease electricity consumption up 
to 50% 

Where to be rmplemented 

Azot Fertrllzer plant - 30 MW 
(electr~c~ty consumption - 180 
mllllon kwh)  
Metallurgical plant- 30 MW 
(electricity consumptlon - 280 
million kWh) 
Ferrous alloy plant - 60 MW 
Azot Fertilizer plant, 
Metallurgical plant and others, 
where blg transformers are 
installed 
average motor capaclty for 
Georg~an lndustrral motors 1s 15- 
20 kW 
About 5000 motors need to be 
equipped 
Food, pulp and paper, cement 
chemical, consumer good 
mdustrles, electrlclty generatlon 
Food pulp and paper cement, 
chemical, consumer good 
lndustrles electrlc~ty generation 

Ferrous and chemlcal lndustry 
(compressors consume 10% of 
electricity) 

metallurgical plant, Ferroalloys 
plant 
Every enterprise wlth the electric 
capaclty more than 2000 kW 

EEMs 

Due to hlgh efficiency 
reduclng of 1 kWh 
cost from 0 35$ to 
0 15-0 18$ 

savlngs are 10-12% of 
electrlclty 
consumption 

prolong the llfetlme of 
motors up to 50% 

electrlcrty savings 30- 
40% 

electrlc~ty savlngs up 
to 50% of exlstlng 
losses of ldle run 
perlod 
electrlclty savlngs up 
to 50% from 
compressor 
consumption 
electrlclty savrngs up 
to 10% 
savlngs up to 10% of 
energy consumption 

Spec~fic 
costs 

$kWe 
600-800 

30-40 

10 

130-170 

10 

300 

25-40 
$/KVA 
50-100 
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Compensators of reactwe power The main consumers of reactlve power are induct1011 
motors, transformers, voltage stab~l~zers To eliminate electrical losses special capaclty tvpe 
compensators should be Installed Compensators could be categorized by indiv~dual (for each 
motor) group and centralized In conditions of under loaded equipment the role of compensators 
are sign~ficant Electr~clty savings up to 10% could be achieved 

Motor savers and ~ d l e  run of motors Average motor capaclty in Georg~an Industry is 15-20 
hW At least 5000 motors need to be equ~pped by speclal low cost devices with the common 
name of motor savers This microprocessor based devlce prevents the overheating, phase loosing 
and overloading This device prolongs the motor l ~ f e  time up to 20-30% 

Motors swltching off during the idle run period could save up to 50% of existing electricity 
losses caused by idle run 

Control systems Proper monitoring recording and analysis lead to corrective act~ons that 
produce the desired result of reduclng energy per unit of production or per service performed 
Ultim~tely up to 10% reduction of energy consumption can be achieved when metering is tied 
directly to the process through a programmable logic controller Experience shows that 2-3% 
reduct~on In energy use can be achieved after meters are installed just by letting users know that 
they 'ire been monitoring Georgian industry has no experience in such of systems This 
measure can be recommended to every enterprise with the electric capacity more than 2 MW 

Lighting Sodium hlgh pressure lamps for streets and industr~al terrttory lighting is the most 
promising for Georgian Industry 

Independent energy sources Non reliable, expenslve and low quality electricity from Georgian 
utility enrorced energy managers of large enterprises to think about installation of independent 
power sources There are at least two projects to build 30-50 MW power statlons with gas 
turbines Actual specific consumption by existing power stations In Georgia IS about 450-650 
gcell<Wh, comparing with the specific consumption of new gas turbine - 200-250 gcelkWh 

In Tables G 3 and 6 4 below electric~ty efficiency improvement results of GELIND model run are 
shown under the following assumptions 

electricity prlces will grow from 34 G $11000 kwh in 1998 to 67 4 in 2020, 
r cap~tal recovery factor is 0 33 (discount rate 0 2 and lifetime 5 years), 
r penetration rate for motor systems is 0 2 (that is only 20% of potential is used on practice) 

Table 6 3 Motors effic~ency potentla1 

50111~~ C~lculatcd by luthors by uslng GELIND 

54 

Spec~fic 
lnvest 
$/kW 

310 

180 

170 
140 

0 

D~centralizat~on correction of 
over slzlng and swltching off 

Compcnsators and motor savers 

Adjustable speed drives 
Control systcms on blowers and 
pumps transformers 
Total 

Hours 

1990 
3000 

3000 

3000 
3000 

0 

Sllare 

YO 

C a p a c ~ t ~ e s  

ItW 
1996 
2000 

2000 

2000 
2000 

0 

1990 
20 

10 

50 
20 

0 

1990 
111464 

55732 

278660 
111464 

557320 

Cost of saved 
energy 

$1 1000 ltWll 

1996 
35 

10 

30 
25 

0 

1996 
31724 

9064 

27192 
22660 

90640 

1990 
3455 

20 06 

1895 
1560 

1996 
5183 

30 09 

2842 
2341 
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Table 6 4 Motors efficiency potential ut~l~zation 

Source Calculated by authors by using GELIND 

Control systems on blowers and pumps, transformers 

Similar calculat~ons were made only for one more process - lighting The most Important 
information used m calculating electricity efficiency improvement potential for lighting IS 

presented In Table 6 5 Those data was used to conduct calculations similar to what was 
presented in Table 6 4 

Economically efficient 
potentlal 
Penetration rate 
Investments 
Annual savlngs 
Cumulative savings 

Table 6 5 Llghtlng efficiency potentlal 

Source Calculated by authors by uslng GELIND 

10A6 kWh 

YO 
10A3 $ 

10A6 kWh 
10A6kWh 

Total for motor systems 
Additional savings 
Cumulative savlngs 

49 25 

0 2 
1018 
9 85 
985  

74 92 

0 2 
1548 

14 98 
3583 

54 98 

0 2 
1136 

11 00 
2084 

10A6kWh 
10A6kWh 

1 14 17 

0 2 
2359 

22 83 
5866 

2762 
2762 

149 43 

0 2 
3088 

29 89 
8855 

3352 
6114 

239 91 

0 2 
4958 

47 98 
13653 

5410 
11524 

3 14 38 

0 2 
6497 

62 88 
19941 

9457 
20981 

14363 
35344 

23695 
59039 

31375 
90414 
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6 3 Energy Efficiency in the Residential Sector 

One of the first things to do in the res~dential sector is to set up proper metering and billing 
systcm to provide ~ncentives for efficient use of electric~ty and to improve collect~on rate as a 
basis for stable economic pos~tion of electricity suppliers 

But even In present conditions there are incentives to use electricity more efficiently They arc 
comfort requirements and reduction of total capac~ty of appliances to the design level per flat to 
keep electrlclty supply reliable Equ~pment with higher effic~ency as well as some measures to 
reduce heat losses (when electricity was used as heat source) w ~ l l  produce better indoor comfort 
while reducing per flat load and amount of electric~ty consumed In addition new efficient 
appl~ances perform glven funct~ons faster or better That is important when power supply can be 
cut off each mlnute 

There are two sets of measures for the sector building level and flat level Watt-stoppers 
(clectr~c current l~m~ters)  -- very s~mple devices to disconnect overloaded buildings or industrial 
objects and building level metering electronic system (with split-core current sensors) are from 
the first group There are many measures in the second group In addit~on to regular measures 
directed to lighting or appliances efficiency improvements, there is a set of measures to reduce 
heat losses (because electr~clty became very important heating source) and measures to replace 
electricity as a heat or hot water source 

Scveral technologies for improving the efficiency of electricity use in the residentla1 sector are 
presented in the Table 6 6 

Table 6 6 EEMs for the Res~dent~al  Appl~cation 

Measure 

Watt-stoppers (electnc current 
Itrn~ters) very srmple dev~ce to 
drsconnect overloaded bulldings or 
lndustrlal objects 
Burldlng level submeterlng electron~c 
system (wrth split-core current 
sensors) 
Doublc glazing 

Weather strlpplng 
Cffccrive llghtlng (compact 
fluorescent lamps) 
Usrng of renewable energy 

EEMs 

Prevent the overloading of 
transformers Reducenon-payment 

Upgrade billrng system Reduce 
nonpayment 

Reduce heat loses up to 30% 

Reduce heat loses up to 10% 
Reduce electricity consumption by 5 
trmes Prolong life tlme by 5 times 
Solar panels save 0 05 tce/sq m/year 

M~cro-GPS (total) 80 MW can 
produce 300 mill~on kW heat 
W~nd  power statlons (total) 300 MW 
can produce 700 milllon kWh/year 

Specrfic cost 

1 O$/Amp 

500$/bulldlng 
lnput 

I O$/sq m wrth 
wooden frame 

0 2$/ sq m 
I0$/1tem 

Solar water 
heater 200$/ sq 

m 
800$/kW 

1000$/kW 

Pay back 
per~od (years) 

0 5 

0 5 

1 5  

1 5  
2 5 

(3 5CIkW) 
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Electrlclty efficiency lmprovement measures 

To prov~de incentives for energy efficiency the build~ng level submetering electronic systems are 
to be installed Such system IS a microprocessor based device, which conslsts of metering unlt 
and several split-core current sensors Main advantages 

h ~ g h  accuracy, 

low cost, 

full range of commulvcat~on options, 

automated bill~ng 

Electricity efficiency improvements in following dev~ces were considered 

Effective lightmg, 

Refrigerators, 

Electric ranges 

Together they are responsible for two thirds of electr~clty consumption In the residential sector 
The most important information used in calculat~ng electric~ty efficiency ~mprovement potentla1 
for lighting is presented In Table 6 7 below 

Table 6 7 Electrlc Devices Efficiency Improvement Potential 

Source Calculated by authors by uslng GELIND 

Heat losses red~lctron measures 

Heat Reflecting Films for Wlndow Single glazing is very common in Georgian res~dential 
bulldings The best way to save heat up to 30% is the installation of additional window It IS 

expensive Instead the special heat reflecting films can be installed, which are much cheaper 
Heat~ng season in Georg~a is 152 days Average temperature durlng the heat~ng period IS 4 2 OC 

Weather stripping Weather stripping program is a low cost and rel~able measure, and is a very 
common solution for residential bulldings Usually it saves up to 10% of heating consumption 
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Table 6 8 Meat Losses Reduction Potentlal 

* Th~s IS the measure to replace electricity ~n heat~ng water 

Source Calculated by authors by uslng GELIND 

Electrrcrty substrtutran measures 

Using renewable energy Solar panels for water heat~ng could save annually 0 05 tce/m2 Tor 
one sunny day one m2 of solar panel provides 0 5 kW of capacity, that 1s enough to heat 80 1 of 
water up to 65 OC 

Total potential of wlnd power is 300 MW (700 mln kWh/year) Potentla1 of total mlcro hydro 
statlons IS 80 MW (300 million kwhlyear) 

At thls moment the model does not account for potentlal for replacing network electr~city with 
renewable energy Add~tional work should be done to do that properly 

6 4 Energy Efficiency In the Other Sectors 

In Section 5 of thls report is was already expla~ned how the third block of GELGDP accounts for 
energy efficiency improvement measures (EEMs) 

6 5 Success Stor~es from ~ u s s l a '  

Pess~mlsts will keep saylng that it is too difficult to do anythlng with energy effic~ency potentla1 
Optimists will keep telllng success storles to convince pesslm~sts T h ~ s  sect~on presents three 
such storles from Russia, a country which is in the situation similar to Georgian one 

Where there 1s a will there IS a way Many obstacles are still there They are to be removed and 
road shall be paved Obv~ously, people wlth a strong wlll are needed to overcome them and go 
beyond l~mlts to make Russia's industry rational 

In Russ~a energy tarlffs are high That makes energy efficiency a priority, when product~on costs 
reduction strategy is addressed Production costs reduction is the basic means to improve the 
competitiveness of Russ~a's economy Energy costs reduction is the basic means to reduce 
production costs Bringing together knowledge and efforts of energy consumers and 
manufacturcrs of energy effic~ent equipment IS the bas~c means to reduce energy costs 

There are clear signs that top management of Russ~an industrial corporations reallzed the 
importance of effective energy management in the corporation strategy on production costs 
reducl~on Chief energy managers of many ~ndustrial enterprises were required to develop 

1 Thls sectlon IS borrowed from lgor Bashmakov Russ~an Industry Pavlng Road to Ratlonal~ty 
lnternatlonal Workshop on lndustr~al Energy Efflc~ency Pollcles Understanding Success and Fallure June 
11-12, 1998 Utrecht The Netherlands 

5 8 
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energy costs reduction programs While thls requirement 1s set there are not enough experience 
at the enterpnses in developing and implementation of such programs 

There are more and more examples In Russla when due to very aggressive programs and efficient 
energy management in a very short time frame energy related costs felt down by 15-20% 

Magnltogorsk Metallurg~cal Plant 

Magnltogorsk Metallurgical Plant is gigantic Industrial enterprise located in the Urals In 1996- 
1998 special energy consumption was reduced from 9 82 to 7 83 Gcallt crude steel, or by 20% 
That is mainly a result of Center for Energy Efficient Technologies activities This Center was 
created three years ago and presently employs 170 people It has four departments 

metenng bureau, 

control group, 

adjustment group, 

design group 

The most important starting point was the development of wlde spread metering system all 
around this gigantic industr~al facility T h s  is the responsibility of metenng group Presently 
readings from more than 700 devices are collected and analyzed daily Based on this 
information, energy balances of the whole enterprise as well as for separate energy carriers and 
separated shops were reconstructed and norms for spec~fic energy consumption, and limits of 
consumption are set for each of major producbon departments One of the main task is to 
reduce peak loads for morning and evening maximums, introducing more flexible production 
regimes 

The control group is responsible for identification of losses as well as for checklng the 
implementation of t e chca l  rules for energy consuming equipment 

Adjustment group is responsible for turrung equipment parameters (burners, furnaces etc ) to get 
hghest possible efficiency for given production regime 

The design group is responsible for desigmng implementation of proposals which leads to the 
reduction of energy consumption 

Among the most important measures are 

= utilization of coke oven gas and blast furnace gas, 

utilization of secondary heat, 

decentralization of the compressed air production, 

= reconstruction of own power sources (three power stations w ~ t h  total capacity 400 MWt 

The whole four years energy efficiency improvement program (1998-2001) costs 480 mill~on 
US$ The Magnitogorsk Metallurgical Plant will Invest 30% of funds required, and the rest 70% 
are to be mobilized outside 

Moskabelmet 

This is electric cables manufactmng plant located in the center of Moscow The share of energy 
costs in production costs grew from 4% in early 90's to 7% in 1997 The negative impact of 
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high energy prices on production costs was neutralized by permanent energy efficiency 
improvement activities promoted by the top management of the enterprise All measures were 
implemented for Moskabelmet own expense 

Meterlng again was the departure point for the whole program I t  was followed by the 
introduction of peak demand management system Next step was installation of steam traps, 
which allowed to save 20% of consumed heat All heat supply pipes were replaced or insulated 
All water supply system was reconstructed 

District heat for the utility is very expensive Moskabelmet installed ~ t s  own boller house (3  7 
million US$ worth), which generates heat for just 60% of ut111ty prlce 

Based on collected statistics specific energy consumpt~on by each shop were estimated and 
enforced in line with the introduction of economic incentives for comply~ng with those norms 
General director personally monitor on regulatory basis the work of that system 

Elcaterlnburg Mach~nery Building Plant 

This plant started from low cost measures Introduction of strong control allowed to reduce 
water consumption by 35% and electricity consumption for lighting - by 50% Due to the 
reduction of internal shops temperature heat consumption felt down Low capacity load was the 
rcason for conservation of several shops and warehouses That measure brought significant 
savings The production from conserved shops was transferred to another ones 

Another set of measures is related to the decentralization of heat and compressed air Small 
efficient local boilers replaced large one Such action provlded basis for the substantial reduction 
of heat losses Decentralization of compressed air supply was accompanied by the reduction of 
clectricity consurnption by 40% 
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7 Electricity Demand in Georg~a 1998-2020 

7 1 Scenar~os for projecting electnclty demand in Georgra 

In 1995-1 997, average annual rate of GDP growth accounted for 13%, and by 1997, GDP ach~eved 
43% of 1990 level According to Georgian State Department of Statistics, the growth remains 
strong Nevertheless, obstacles for accelerated economic growth still remain That raises questions 
about the economic sustainability of double-digit GDP growth 

One of the major obstacle is strong Georgra's dependence on energy import and large external debt 
Georgzan Economzc Trends for the thrrd quarter of 1997 states 

Imports are growing much faster than GDP, exports are growlng more slowly To sustaln further 
widening of the deficit would require an expansion of official support from foreign governments 
and internat~onal financial ~nstltut~ons, and/or much higher Inflows of prlvate Investment Into 
Georgia 

Human Development Report for 1997 also pointed 

Despite the growth of GDP and the low Inflation rate, a rapld growth of forelgn debt 1s observable 
The total forelgn debt amounts to 1 bllllon 400 mill~on US dollars, 52% of whlch are debts to the 
CIS countries 

In 1990, 87% of pnmary energy supply was imported from abroad, mainly from Russia and 
Turkmenistan Net imports of natural gas, oil and oil products reached 99% of total pnmary energy 
supply, coal import accounted for about one-fifth of its supply, and electricity import provided for 
22% of final electricity consumption As domestic economic activity declined and energy import 
prices rose rapidly up, Georgia's ability to import energy became progressively limited 

Therefore, different scenarios of the future economic growth are to be developed For the purposes 
of this study three scenarios of GDP growth were selected 

1 SIR-SlG scenario - Slow Recovery (6% per year GDP growth In 1998-2000) - Slow 
Growth (4 5% GDP growth per year in 2001-2020), 

2 StR-StG scenano - Strong Recovery (10% per year GDP growth in 1998-2020) - Strong 
Growth (6 5% per year GDP growth in 200 1 -2020), 

3 StR-StG-StC scenmo - Strong Recovery (10% per year GDP growth in 1998-2020) - 
Strong Growth (6 5% per year GDP growth in 2001-2020) with Structural Changes of 
GDP in favor of services 

In addition to the rates of GDP growth evolut~on of electricity prices is an input to the model The 
following assumption were made relative to the pnce of electricrty 

It was proposed that electricity prices are equal for all sectors in 1998-2020, and since 2001 prices 
for the residential sector are 20% above the level in other sectors 
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7 2 Slow Recovery - Slow Growth Scenarm 

7 2 1 Proportions of Econom~a: Growth 

Slow Recovery - Slow Growth (SIR-SIG) scenario - propose 6% per year GDP growth In 
1998-2000 and 4 5% In 2001 -2020 As a result, GDP in 2020 IS 25% over the 1990 level 
and 2 9 times of the 1997 level Constructlon (growth In 1998-2020 by 6 2 times), industry 
(5 4 times) and other sectors (5 9 times) are most dynamic components of GDP, whlle the 
least rates are attributed to trade and services (See Fig 7 I) 

lsure  7 1 Evolution of GDP by sector? 
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Within the industrial sector the largest contribution w~ l l  be provided by mach~nery, light, 
food, and bulldlng mater~als industries (See Flg 7 2) 
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7 2 2 Electrlclty Consumpt~on in lndustr~al Sector 

For each economic scenario there are three levels of electric~ty consumpt~on were 

estr mated 
e demand driven by the rates and proport~ons of economrc growth, 

demand wlth the price impact, 

demand wrth price and energy effic~ency rmprovements effect 
a All those three options are depicted on Fig 7 3 Economic growth bnngs rndustrial 

consumpt~on up to 7612 million kWh, puce impact reduces this number to 7460 million 
kwh, and realrzatron of EEMs pushes it further down to 6484 rnrll~on kwh (own use IS not 
counted here) Therefore in 2020, rndustnal electric~ty consumpt~on is strll below 1990 
level 

0 
Evolution of industrial productron, electrrcrty consumptlon and intensity is presented at 
Flg 7 4 Levels of eiectncity consumption by rndustrres are shown in Table 7 1 
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Table 7 1 lndustr~al energy consurnptlon (SIR-SIG) scenario (10A6 kwh) 

7 2 3 Electnclty Consumption In Resldentiai Sector 

Baslc assumptions for the res~dent~al sector are presented In Table 7 2 

Table 7 2 Bas~c Scenarro Assumptions for the Resrdentlal Sector 

Source CENEf 

persons per flat 
number of 
households 

Urban 
Rural 

persons 
un~ts 

unlts 
un~ts 

3 09 
1768 

994 
774 

3 06 
1779 

989 
790 

3 05 
1782 

990 
791 

3 05 
1785 

992 
793 

3 05 
1804 

1003 
802 

3 05 
1824 

1014 
810 

3 04 
1844 

1025 
819 

3 00 
1889 

1050 
839 
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As in case with the industrial sector there are three major factors impact was evaluated in 
this sector (See Table 7 3) 

C Population, lrvrng area and appliances saturat~on driven level IS 3137 milllon kWh in the 
year 2020 Growth of prices does reduce this number to 3075 million kwh  Aggressive 
rmplementatron of EEMs pushes this volume down to 2558 rn~ll~on kwh 

Table 7 3 Residentla1 Electr~clty Consumption (m~ll~ora kwh) 

Economic growth - electricity consumption dnven only by the factors of economlc growth, 

a 

Pnce impact - above electricity consumption after taking into consideration the price Impact 

C 
EEMs - above electncrty consumption after implementation of EEMs 

Source CENEf 

Practical stablllzation of electr~city consumpt~on in the residential sector in 1998-2020 1s 
explained by the fact that electricity consumpt~on for heattng and hot water IS substant~ally 
reduced o n  the background of growth of consumpt~on in other appl~cations (See F I ~  
7 5) 

Economic growth 
Price impact 
EEMs 

1998 
2519 
2475 
2458 

* 7 2 4 Electr~c~ty Consumpt~on In All Sectors 

1990 
2320 
2320 
2320 

3000 

2500 

If only economrc growth will drive the electricity demand in Georg~a it will reach about 
20,000 million kwh in 2020 That is 15% above the 1990 level But price growth effect 
brakes this growth As a result, demand about reaches 18,186 mill~on kwh Flnally price 
and pollcy rnduced energy efflcrency improvements stop this growth at level 16,488 million 
kWh, or 94% of I 990 level (See Table 7 4) 
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2005 
3187 
3124 
2907 

2020 
31 37 
3075 
2558, 

2010 
3154 
3091 
2769 

2015 
3147 
3084 
2661 
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Table 7 4 Total Electr~crty Consumptlon (rnrllron kwh) 

Economic growth - electr~clty consumpt~on dr~ven only by the factors of econornlc growth 
Pnce ~mpact - above electrlcrty consumptron after taking rnto considerat~on the pnce ~mpact 
EEMs - above electr~c~ty consumption after ~mplementat~on of EEMs Source CENEf 
After sharp growth in 1990-1993 and sharp decline In 1994-1997 electricrty intens~ty of 
GDP IS steadily comng down reachlng In 2020 72% of 1990 level Due to that, on the 
background of GDP growth by 25% over the I990 level, electrlclty consumption stays 
below 1990 level (See Flg 7 6) 

Economic growth 
Price ~mpact 
EEMs 

Electrlclty consurnptlon by sectors IS presented ~n Table 7 5 and ~ t s  structure is palnted at 
Flg 7 7 It IS clear that growth of demand IS mainly driven by the corresponding growth of 
the industrial and agricultural sectors 

1997 
7363 
7363 
7363 

1990 
17450 
17450 
1 7450 

r 

Table 7 5 Project~on of Electnc~ty Consumpt~on by Sectors (m~ll~on kwh) 

Figure 7 6 Eledr!aty consumpt~on In Georgia Major Index ! - 
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Source CENEf 

1998 
8219 
8023 
7956 

1999 
10023 

9539 
9371 

2000 
10497 
9837 
9502 

2005 
11334 
10524 
9946 

2010 
14069 
12803 
11911 

2015 
16071 
14648 
13396 

2020 
19976 
18186 
16488 
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rgure 7 7 Project~on of Electrruty Demand for the Scenar~o SIR SIG 
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7 2 5 Load Evolut~on 

Maximum demand projections are presented in Table 7 6 In 1998-2020 this indicator will 
grow by 2 2 times 

Table 7 6 Electnc~ty Demand Project~ons 

7 2 6 Control of Results 

Model GEB was used to control projections results This energy balance model considers 
electr~city on the background of other energy sources Its calibration was complicated by 
the lack of data on fossil fuels consumption by sectors Therefore it is considered as crude 
instrument capable only to keep authors away from serious mistakes To compare results 
of GEB run presented In Table 7 7 with data from Table 7 5 one should keep in m~nd that 
industry is presented wlth construction as one Index, as well as residential sector, trade 
and services, and also own use and losses 

2020 
16486 
3271 

Table 7 7 Project~on of Electnc~ty Consumpt~on by Sector Us~ng GEB Model (m~ll~on 
kwh) 

Source CENEf 

Energy (TWh) 
Maximum Demand (MW) 

Thrs GEB project~on estimates electnc~ty consumpt~on level In 2020 equal 18 b~ll~on kwh, or 9% 
more than model complex gtves Results for ~ndustnaI sector (~ncluding constructton) are very 

2015 
13396 
2658 

1997 
7363 
1461 

2000 
9502 
1885 

1998 
7956 
1579 

2005 
9946 
1973 

1999 
9371 
1859 

2010 
11911 
2363 
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7 3 Strong Recovery - Strong Economlc Growth (StR-StG) Scenarlo 

7 3 I Proport~ons of Econom~c Growth 

Strong Recovery - Strong Economic Growth (SIR-SIG) scenarlo - proposes 10% per 
year GDP growth In 1998-2000 and 6 5% rn 2001-2020 As a result, GDP in 2020 IS 

doubled over the 1990 level and is about 5 t~mes of the 1997 level As In the case of 
slow growth scenario, construct~on, Industry and other sectors are most dynam~c 
components of GDP The main contr~but~on to the GDP growth is coming from ~ndustry, 
constructron and agriculture (See Fig 7 8) 
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Within the industr~al sector the largest contr~bution IS provided by machinery, I~ght, 
food, and bullding mater~als lndustr~es (See Fig 7 9) 
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7 3 2 Electricity Consurnpt~on in lndustrlal Sector 

25000 

Economrc growth IS substantrally dr~ven by the industrial sector The volume of 
rndustr~al product~on In this scenario grows 12 fold In 1997-2020 and reaches In the 

@ year 2020 140% of the 1990 level Thrs growth brings rndustr~al consumptron up to 
13,461 mrllion kwh (see Frg 7 3) Prrce rmpact reduces thts number to 13,192 mrll~on 
kwh Realrzation of EEMs pushes it further down to 11,702 mrllron kwh (own use IS 

not included) Therefore In the year 2020 ~ndustr~al electrrcrty consumption IS 46% 
above the 1990 level It crosses the 1990 lrne In 201 2 
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Evolut~on of ~ndustnat production, electrrc~ty consumptron and intensity IS presented at 
Fig 7 10 Levels of electrrc~ty consumptron by lndustrres are shown in Table 7 8 
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igure 7 10 I ndustrlal electrlclty consurnpt~on Majar Indexes 
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Table 7 8 Industrial energy consumption (STR-STG) scenario (10a6 kwh) 

Source CENEf 

7 3 3 Electnclty Consumpt~on In Residential Sector 

As In the case w~th ~ndustrral sector three major factors' Impacts were evaluated In thls 
sector (See Table 7 9) 

Population, llvlng area and appl~ances saturat~on dr~ven level IS 3173 mllllon k w h  In the 
year 2020 Growth of prices does reduce thrs number to 31 22 rnllilon k w h  Aggress~ve 
~mplementatron of EEMs pushes thrs volume down to 2600 mrllron k w h  Compar~son of 
presented numbers wtth those for the SIR-SIG scenarro shows that the drfference IS not 
substantral 



CENEf Electr~c~ty Demand for Georg~a 1998-2020 

Table 7 9 Resldentlal Electricity Consumption (milhon kwh) 

Source CENEf 

Practical stabilization of electr~city consumption in residential sector in 1998-2020 is explained 
by the fact that electricity consumptlon for heatlng and hot water is substantially reduced on the 
background of growth of consumption in other applications (See Fig 7 5) 

2020 
3173 
3122 
2600 

7 3 4 Electrlclty Consumption in all Sectors 

Economlc growth - electrlclty consurnptlon drlven only by the factors of econom~c growth 
Prlce impact - above electricity consumption after taking Into conslderat~on the prlce Impact 
EEMs - above electr~c~ty consumption after ~mplementat~on of EEMs 

If only economic growth will drive the electricity demand in Georgia it will reach 3 1,271 million 
kwh In 2020 That is 79% above the 1990 level But price growth effect brakes this growth As 
a result the demand about reaches 28,480 million kwh Finally price and policy induced energy 
efficiency improvements stop t h s  growth at level 26,170 million kwh, or 50% over the 1990 
level (See Table 7 10) 

2000 
2617 
2452 
2348 

Economic growth 
Prlce lmpact 
EEMs 

Table 7 10 Total Electrrclty Consumption (m~lhon kwh) 

1997 
2593 
2593 
2593 

1990 
2320 
2320 
2320 

Economlc growth - electricity consurnptlon dr~ven only by the factors of economic growth 
Pr~ce lmpact - above electrlclty consumption after taklng Into cons~deratlon the prlce impact 
EEMs - above electr~clty consumption after lmplementat~on of EEMs 

2005 
3193 
3123 
2906 

Source CENEf 

1998 
2519 
2475 
2459 

After sharp growth in 1990-1993 and sharp decline in 1994-1997 electricity intensity of GDP is 
steadily corning down reaching in 2020 69% of the 1990 level It happens on the background of 
GDP growth by about 125% above the 1990 level As a result electricity consumption comes 
over 1990 level by about 50% (See Fig 7 11) 

2010 
3167 
3105 
2781 

1999 
2600 
2545 
2511 

2015 
3170 
3102 
2677 
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F~gure  7 11 Electr~c~ty oonsurnptlon In Georgla Major Index - 
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Electricity consumptlon by sectors IS presented In Table 7 11 It is clear that growth of 
demand IS mainly drlven by the corresponding growth of the ~ndustrial and agricultural 
sectors 

Table 7 11 Project~on of Electnclty Consumption by Sectors (mll l~on kwh) 

Source CENEf 

7 3 5 Control of Results 

Model GEE agaln was used to control projections results To compare results of GEB 
run presented rn Table 7 12 w~th data from Table 7 11 one should keep In mrnd that 
Industry IS presented wlth construction as one index, as well as resldent~al sector, trade 
and services, and also own use and losses 

It should be noted that the GEB model conflrms In large degree results obtalned from 
the utlllzatlon of modeling complex Although ~t grves 6% lower level of electr~crty 



CENEf Electrlclty Demand for Georg~a 1998-2020 

consumption in 2020 GEB gives lower levels of electricity consumption in industrial and 
agricultural sectors 

Table 7 12 Projection of Electricity Consumption by Sectors Using GEB Model (million 
kwh) 

Source CENEf 

GEB was used not only to control the level of electrlcity consumption, but also to estimate the 
volume and value of energy import and ability of Georgian economy to import enough energy to 
fuel fast rates of economlc growth Results of such an estimate are presented in Table 7 13 In 
2020 the value of energy import will reach 1860 million US$, or about 14% of the proposed 
GDP Georgian economy can afford such energy import only lf export onented industries will be 
promoted substantially Otherwise it is not realistic for the country to have such strong 
sustanable economic growth without adequate export base for covering energy Import 

If it is not realistic, then the rates of economic growth will be lower as well as levels of electrlcity 
consumption 

Table 7 13 Projection of Energy Import for StR-StG scenario 

Source CENEf 

I Coal 

7 4 Strong Recovery - Strong Growth with Orientation on Services Scenario 

7 4 1 Proposed structure of Georgian GDP 

011 

Proportions of economic growth are as important as rates of economic growth To estimate the 
sensitivity of the models results to this factor, the following proposal was made all sectors of 
economy and of the industry wl l  grow with the same rate as GDP That is economic proportions 
registered in 1997 are extrapolated to 1998-2020 

Net energy import by fuels (10A3 toe) 
Gas Total 

2000 
2010 
2020 

88 
136 
202 

2718 
3 702 
5230 

Import energy prlces ($/toe) 

3357 
5372 
8774 

2000 
2010 
2020 

6162 
921 1 

14205 

137 
137 
137 

Cost of energy Import (m~lllon US$) 

183 
183 
183 

2000 
2010 
2020 

99 
99 
99 

12 
19 
2 8 

928 
92 8 
928 

497 
678 
957 

334 
534 
873 

843 
1231 
1857 
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Tnble 7 14 Sensrtlvlty of Projectron Results to Proportrons of Economic Growth Total 
Electrlclty Consumpt~on (mill~on kwh)  

I t  IS clear from the Table 7 14 that electricity consumption IS very sensltlve to suggestions on the 
characteristics of economic growth If present proportions are extrapolated to the year 2020, 
then electricity demand wlll be 8,533 mlllion kwh (33%) lower then In basic StR-StG scenarlo 
I t  should be noted that there is about zero probabil~ty to have such proportional growth 
Investment activities In 1997 were very l~mited W~thout push~ng up the rate of accumulation, it 
IS not poss~ble to have long lasting high rates of econom~c growth But the growth of gross fixed 
cap~tal format~on wlll lead to the growth of electr~c~ty intensive lndustr~es outputs 

Econom~c growth 
Price impact 
EEMs 

< 

Such analysis as well as discussion of initla1 results of this study at the Inter~m Workshop "Least 
Cost Model for Georglan Power System" held on June 1 and 2, 1998 In T b i l ~ s ~  rose the Issue of 
add~tional scenarlo development for strong economlc growth accompan~ed by the creat~on of 
new GDP structure dominated by services, especially trade, restaurants, hotels, recreation, health 
care and other services 

To develop such a scenarlo the GDP structure of several countries was estimated (See Table 
7 IS) Cross-country analysis l a ~ d  bas~s for a judgment of the desirable structure of Georgian 
GDP It  IS clear that agricultural sector will contribute substant~ally to the Georgian GDP in 
years to come Therefore, GDP structure of two countries - Greece and Turkey - can be used as a 
starllng polnt for setting desirable GDP structure for the year 2020 

Table 7 15 Structure of GDP for Selected Countries (percent) 

2010 
basic 

18296 
1663 1 
15551 

2020 

Proposcd structurL of Gcorg~an GDP ~n 2020 substant~ally d~ffers from the one for the strong econom~c growth scenario (Fee lablc 7 16) 
Sllarc of scrv~ccs (11 trade IS ~ncluded) IS  48% versus 20 5 %  for the strong cconomlc growth scenarlo 

proport~onal 
13516 
1 1925 
11219 

bas~c 
31271 
28480 
26170 

Transport and 
comrnun~cat~on 
Finance ~nsurance 
Community social and 
personal servlces 
Government services 

proportional 
21 842 
18960 
17627 

7  5 

3  8  
9 5 

4 3  

9 0  

0 4 
2 3  

I 9  

100  

7  0 
150  

8  0 

6 3  

10 9 
17 5 

1 1  0 

5 5 

18 0 
5 3  

13 3  

12 7  

7  4 
3  7  

8 0 

6 2 

1 3 6  
7 7 

15 5 

6  6 

2676  

17 0 
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Table 7 16 Comparison of GDP Structure m 2020 for two scenarros (percent) 

Source CENEf 

StR-StG-StC scenario 

20,5 
6,5 
15 
10 
18 
30 
0 

Industry 
Construction 
Agriculture 
Transport and commu~llcation 
Trade, restaurants, hotels 
Services 
Other 

The structural shift in favor of services sector will have electncity demand reduction impact only 
in case when electricity intensity of services is lower then in many other sectors Comparison of 
such intensities presented in Table 5 7 show that in 1990 service sector was the second energy 
intensive after industry It was about twelve tlmes as intensive as trade sector There two 
possible explanations for such high value of electricity intenslty in service sector low accuracy 
of data on electricity consumption, and low value added in services as well as low salaries of 
those who were working in this sector 

StR-StG scenario 

27,7 
12,9 
34,l 
4,7 

11,3 
5 2  
4,o 

Intensity decllned by about three times in 1990-1997 and in 1997 was much below intensities for 
industrial and transport sectors If after cancellation of power limitation practice intensity in this 
sector come back to the 1990 level, then no substantial reduction of consumption compmng with 
the strong growth scenano is expected The meaningful impact is possible only in cases with 
conservation of electricity intensity at least at the level of 1997, with some reductions driven by 
the autonomous technological progress, pnce impact, and implementation of EEMs 

GDP originated from the services sector in 1990-1997 was very stable on the background of 
overall economic decline Moreover in 1997 it was 5% above 1990 level and 18% over 1993 
level (See Table 3 4) In 1995-1997 both value added and electricity consumption in service 
sector were stable Such situation gives some grounds to the proposal that the intensity in this 
sector will not return to the 1990 level and 1997 electricity intensity for this sector was used to 
run Strong Recovery - Strong Growth with Orlentation on Services Scenario 

7 4 2 Electrrclty Consumption 1n all Sectors 

Economic growth supplemented by intensive structural changes alone would drive the electncity 
demand in Georgia to the 24,542 million kwh level 2020 Price growth reduces this number to 
21,795 million kwh Finally price and policy induced energy efficiency improvements stop this 
growth at the level 20,156 million kwh, or 16% over the 1990 level and 6 billion kwh lower 
than in strong economic growth scenano, which reproduce the former structure of economic 
growth (See Table 7 17) The later number illustrate the real impact of proportions of economic 
growth on future electric~ty demand 
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Table 7 17 Total Electr~c~ty Consumption ( m ~ l l ~ o n  kwh)  

Cconom~c growth - electr~c~ty consumption drlven only by the factors of econom~c growth 
Prlce lmpact above electricity consumption after taking into cons~deration the prlce Impact 
EEMs - above electricity consumption after implementation of EEMs 

Sourcc CENEf 

Econom~c growth 
Pr~ce lmpact 
CEMs 

Electric~ty lntenstty of GDP w ~ l l  come down in 2020 reaching 57% of the 1990 level It happens 
on the background of GDP growth by about 125% above the 1990 level As a result electricity 
consumption comes over 1990 level only by 16% (See Fig 7 12) 

Electrlc~ty consumption by sectors for this scenario is presented in Table 7 18 Comparison of 
data presented In this table wlth those glven In Table 7 11 shows that electricity consumptlon in 
the lndustr~al agricultural and construction sectors in 2020 1s just half of the strong scenario 

Icvel, while electrlcity consumption in serv~ceg sector IS about 90% over the strong scenario 
level 

1990 
17450 
17450 
17450 

F~gure 7 12 Electrlclty consumptlon In Georg~a Major Indexes - 
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2010 
13826 
12442 
11636 

2005 
10706 
9924 
9405 

2015 
18255 
163 10 
15141 

2020 
24542 
21795 
20156 
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Table 7 18 Projection of Electricity Consumption by Sectors (million kwh) 

Source CENEf 

7 5 Sens~tivrty Analysis 

7 5 1 Cruc~al exogenous parameters 

There are several crucial exogenous parameters which influence the final results Among them 
are 

rates of economic growth, 

proportions of economic growth, 

prices for electricity, 

rates of major energy efticiency equipment penetration 

To be on the safe side with the projection, the sensitivity of final result to the deviation of those 
parameters from the levels use in given scenario should be evaluated The sensitivity of the 
results to the proportions of economlc growth was already tested in the previous section 

7 5 2 Rates of economic growth 

The average rate of economic growth for 1998-2020 m SIR-SIG scenario is 4 9% while in StR- 
StG it is 7 3% This additional 2 4% of annual economic growth brings substantial growth of 
electricity consumption (See Table 7 14) The level of GDP in 2020 for StR-StG is 63% over 
SIR-S1G level, while electricity consumption in 59% over SIR-S1G level Therefore demand 
elasticity coefficient is slightly below 1 

Table 7 19 Sensitivity of Projection Results to Rates of Economic Growth Total 
Electricity Consumption (million kwh) 

Source CENEf 

SIR-S1G 
StR-StG 

1997 
7363 
7363 

1998 
7956 
8206 

2005 
9946 

11760 

1999 
9371 

10186 

2000 
9502 

10820 

2010 
11911 
15551 

2015 
13396 
19159 

2020 
16488 
26170 



CENEf Electrrclty Demand for Georg~a 1998-2020 

7 5 3 Pr~ces for electrlc~ty 

The sensitlvlty to this factor was already tested For energy scenarlo prlce impact on electricity 
demand was evaluated It  varles from 1 8 billlon kwh in the slow growth scenario to 2 8 billion 
kwh in the strong growth scenarlo 

7 5 4 Rates of major energy efficiency equipment penetrat~on 

I f  only penetration rates for efficient motor systems for all sectors (excluding Industry) grow up 
from 0 I to 0 2, then electricity consumption decline by additional 640 million k w h  (2%) will be 
observed 

8 Comparison of Electricity Demand Projections 
8 1 Cornpar~son w ~ t h  the WB projection 

As was already mentioned the projection developed by CENEf IS not the only recent electrlc~ty 
demand projection for Georgia Thls section is devoted to the comparison of electricity demand 
projections The dlapason of CENEf s projection is presented in Table 8 1 

Table 8 1 CENEf s Project~ons of Total Electr~c~ty Consumption 
( m ~ l l ~ o n  kwh)  

Source CENEf 

- - 

SIR-S1G 
StR-StG-StC 
StR-StG 

As was already noted, electricity demand is very sensitive to rates of economic growth World 
Bank In its report states 

Gwen the economlc uncertatntles we examlned two alternative scenarios In the pessllnlstlc 
scenarlo GDP grows at an average of 4 percent per annum, wh~le In the optlm~stlc one, ~t grows 
by 10 percent annually 

1997 
7363 
7363 
7363 

World bank results are present In Table 8 2 and Fig 8 1 As one can see, once the supply 
shortages disappear after 1997, demand starts growlng In tandem w ~ t h  economic expectations, 
even under the pessimistic scenarlo 

Rates of economic growth used by CENEf are higher than rates for the low WB scenario, but 
CENEf s projection of electrlc~ty demand in the year 2005 is 15% lower Therefore it is poss~ble 
to state that oversimplification of the WB model leads to overestimat~on of electricity demand 

1998 
7956 
7444 
8206 

Tablc 8 2 World Bank Projections of Total Electricity Consumption 
(rnill~on kwh)  

1999 
9371 
8318 

10186 

< o u r ~ c  G ~ o r g ~  L Power Rehabtl~tatton Project Annex 3 FILC~IICIIY Demand and ?upply Project~ons Staff Apprl~sal Repon World Bank 

78 

2000 
9502 
8511 

10820 

1999 
9069 
9910 
9999 

1998 
8283 
8782 
8824 

Scenar~o 
Pcssim~stic 
Medium 
Optimlstlc 

2005 
9946 
9405 

11760 

2000 
963 1 
10832 
10987 

1996 
6900 
6900 
6900 

2010 
1191 1 
11636 
15551 

2005 
1 1457 
14096 
14767 

1997 
71 13 
7299 
7322 

2015 
13396 
15141 
19159 

- - 

2020 
16488 
201 56 
26 1 70 
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Fig 8 1 World Bank Electr~c~ty Demand scenarios I 

0 

8 2 Comparison wlth the other projections to the year 2005 

Comparison with other projections (see Table 8 3) leads to the similar conclusion they 
overestimate demand Their low boundaries of projection diapasons are close to the high 
economic growth option of StR-StG scenario 

Table 8 3 Other Total Electr~city Consumption projections to the year 2005 (million 
kwh) 

*) Actual data up to 1995 projected values are presented from 1996, and only Scenarlo 1 is taken Into account 
Scenarlo 2 1s lnfus~ble 
**) Actual data up to 1995, brutto-production was projected for 2000-2005 These data were used to estimate final 
consumption lntermedlate values were interpolated 
***) Actual data up to 1994 demand was est~mated up to 2000 only Linear extrapolation was applied to estimate 
the demand for a perlod of 2001-2005 Modified scenario data for 2001-2005 were estimated with the same growth 
rates to 1995 as the baselme scenarlo 

Expert groups 
Sakenergo * 
IBRD* * 
Scenario A 
Scenario B 
EU (TACIS)*** 
Baseline 
Modified 

8 3 Georgian Research Inst~tute of Power Engineerrng (GRIPE) Projectron 

GRIPE places power use at level 22-24 billion kwh by 2010 (See Tables 8 4 and 8 5) This is 
much higher than in CENEf s projection for 2010 12-15 5 billion kwh In other words, the 
authors are substantially overestimating the level of electricity consumption in 2010 They 
provide projections which are 55-85 % over the level of CENEf projection 

1997 
10250 

6330 
6808 

8900 
6262 

1998 
11500 

6623 
7389 

9755 
6863 

1999 
12000 

693 1 
8019 

10846 
763 1 

2000 
14000 

7252 
8702 

11689 
8224 

2005 
18000 

10878 
15229 

16996 
1 1957 
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Table 8 5 GRIPE Industrial Electricity Demand Project~on, million kwh  

Tablc 8 4 GRIPE Electrlclty Demand Project~on, mllllon k w h  

lndlcators 

lnd~genous Production of whlch 
thermal power plants 
hydropower plants 
block-stations 
w ~ n d  

Imports 

8 4 Sakenergo Projections 

Indicators 

Industry - total of which 
ferrous 
non ferrous 
chemical and petrochemical 
machinery 
buildlng materials 
llght 
fuel 
food 
wood, pulp and paper 
other 

The projection of demand made by the Sakenergo does not describe its assumption or provide 
details on the structure of demand It just evaluates two demand ~tems own use and losses and 
final consumptlon (See Table 8 6) 

Source Energy No 3 1997 

Years 

Tablc 8 G Sakenergo Electrlclty Demand Project~on, million k w h  

Soiirce Energy, No 3, 1997 

2000 

Source Sakenergo 

2010 2000 

min 
4550 
2020 

760 
550 
280 
160 
180 
400 
220 
730 

Ow11 use and losses 
F~nal  consumption 
Total 

mln 
21400 

7500 
13000 

3 00 
600 
600 

2005 
m ln 
12200 
5000 
7000 

200 

300 

2005 
max 
5200 
1550 

850 
600 
300 
180 
190 
460 
250 
820 

max 
23300 

8000 
14000 

300 
1000 
700 

m ln 
16700 
6500 

10000 
200 

300 

max 
13700 
6000 
7500 
200 

300 

mln 
6870 
1820 

1230 
780 
630 
240 
270 
550 
3 00 
1050 

2010 

max 
18350 
6700 

11000 
250 
400 
650 

max 
8400 
2300 

1500 
950 
780 
250 
300 
680 
340 
1300 

mln 
9000 
2450 

1600 
1100 
800 
280 
340 
73 0 
380 
1320 

1998 
1440 
6460 
7900 

max 
I0000 
2750 

1700 
1200 
900 
3 20 
380 
800 
450 
1500 

2005 
1550 
10850 
12400 

2000 
1500 
8400 
9900 

2010 
1500 
13500 
15000 
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Therefore the Sakenergo project~on IS much below the GRIPE forecast, and falls In the 
mlddle of CEMEf s range of project~ons 

Comparison of all project~ons IS shown at the F~gure 8 2 

~g 8 2 Comparison of E l e d r ~ c ~ t y  Demand Project~ons for Georg~ 
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9 Project~on of Load Patterns 

The GEL Model was adopted for Georg~a to make project~ons of electrlc loads and peak 
demands 

9 1 Types of Load Curves and Factors Affecting Them 

ro r  plannlng of power supply companies' future actlv~t~es,  load curves of two types are requlred 
- monthly maximum load and daily demand curves Based on monthly maxlmum load curve one 
can determine an optimum capacity of generating facilities and reserve marglns with an account 
of requirements to their flexibility Daily demand curves are used in the economlc optlmlzatlon 
of a system operating on a bas~s  of d~str~buting load among the most cost effective generat~ng 
unlts 

Exper~ence accumulated In the process of load planning shows that the most significant factors 
affecting both the level of electricity consumption and the shapes of load curves are 

outdoor temperature and a continuation of dayl~ght, 
type of a day - weekend, or weekday at the beginnlng or in the m~ddle of a week, or a hol~day, 
or a day before holiday (curtailed workday), 
season, 
schedule for putting Into operation new faci l~t~es (under central~zed planning ~t was usually at 
the end of the year), 
electrlc~ty consumption and load structures by sectors and by industries, 
frequency and voltage of electricity suppl~ed 

Dally load pattern varles greatly depend~ng on the day of the week This factor causes weekly 
cycle fluctuat~ons of the consumptlon level 

Ignorlng other significant factors, the evident tendency can be seen 

maximum load corresponds to a weekday In a middle of a week, 

the load decllnes by a weekend to grow up again at a beg~nning of a new week 

There are s~mllar fluctuations for holidays and days before hol~days To consider daily 
consumption fluctuatlons wlthln a week, one usually takes patterns of a weekday, a curtailed 
workday Sunday and a holiday For the purpose of short-term and long-term project~ons an 
average weekday 15 the most representative one For such a day electr~c~ty consumption reaches 
the maxlmum level given all other terms equal 

Substantial changes of electricity consumptlon result from fluctuat~ons of outdoor temperature 
and of an intensity of daylight Power supply companies mon~tor these parameters separately 
and collects a relative stat~stics However, separate accounting of these factors can lead to 
groundlessly high requirements to the qual~ty of stat~stics for the long-term forecast~ng Tor t h ~ s  
reason both parameters are combined and input Into the model as a season factor 
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for the long-term forecasting For th~s reason both parameters are comblned and Input 
Into the model as a season factor 

Fig 9 1 presents data on an average weekday aggregated load In 1997 by months 
Dotted lines mark ends of workdays Thls figure also contams a curve correspondlng 
to an average dally consumption whlch reflects an aggregated consumers' react~on to 
outdoor temperature, and rntens~ty of a daylight, as well as seasonal busmess-cycle of 
consumptlon Thrs graph clearly shows how these factors affect a load average dally 
load vanes 1 9-fold from 1095 MW rn December to 566 MW In June-July 

Besides, a h~gh morning peak In autumn-wlnter season can be observed It reaches 91 
percent of a maxlmum consumptlon Anomalous hlgh mornlng consumpt~on was 
registered In January and March, but the shortage of correspond~ng data on outdoor 
temperature prevents from maklng a detalled analys~s of thls phenomenon 

Months of a year 

To el~minate an Influence of a temperature, dayl~ght factor and seasonal factor the 
model performs In relat~ve unlts - real consumptlon IS related to an average dally one 
Flgure 9 2 presents relatlve load curves Analys~s of curves shows that graph's 
consistency (maxlmum load related to an average dally one) and unevenness 
(max~mum load related to a mlnlmum one) decline In summer and Increase In winter, 
and real data drsplay that rates of these alterat~ons of maxrmum, average and mrnlmum 
loads do not colnade 
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Fig 9 2 Relat~ve Load Curve 
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Frg 9 3 dlsplays curves of maxtmum, average and minimum dally loads together with 
therr interpolation by 2nd order polynomials Two upper curves present maximum daily 
load and the result of tts rnterpolation, two mrddle curves present average load, and two 
lower curves show mrnrmum load 
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Fig 9 3 Maxlmum, Average and M~nrmum Dally 
Load 

-faon .* ---.L.L-L.-L&-.< -- --i 

Max~mum 

- Average 

- - Mn~mum 

- Poly (Max~mum) 

- Poly (Average) 

Poly (bhn~mum) 

9 2 Procedure of  Load Curve Modeling 

The resulting load curve draw~ng wrth an account of all the factors ment~oned above is 
performed by several steps The first step IS bullding equations to estrmate maxrmum, 
average and mintmum loads by months Those equations are llsted below 

Nmax' = 18,891*1* - 243,3*1 + 1728,9 (1 1 

Naver' = 11 ,744*i2 - 160,8*i + 1191,5 (2) 

Nmrn' = 8,5492*t2 - 129,82*1 + 850,84, (3) 
where 
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I - a ser~al number of a month 

These equat~ons allow one to estlmate average annual values of maximum (~"~'max),  
average (Naveraver) and mlnlmum (NaVermln) levels of the system load 

Navermax = c,.~'"~ Nmaxl / I  2 (4) 

NaVeraver = G = ~ ' " ~  Naver' i12 (5) 

The second step IS drawlng a relatlve load curve To do thls, average dally 
consumption IS calculated, and real values are adjusted by thls factor 

Naver' = ~ ~ l ' = ~ ~  Ntll 24, (7) 

Nrel; = N i  / Naver', (8) 

where N; - real registered consumption, hour t of the month I, 

  aver' - average dally load in a weekday of the month I, 

Nrel; - relat~ve load, hour t of the month I, 

The th~rd step IS selecting the pattern of the system load from real load curves of 
consumers groups In thls case, we selected data from Kubanenergo and the USSR 
Thls approach was suggested because of the shortage and low quallty of statlstlcal 
data recelved from Georgla Us~ng real data for Kubanenergo on December 15, 1993, 
the relatlve load curve patterns for construct~on, agriculture, transport and 
commun~cat~ons, trade, budgetary organlzations, res~dentlal sector, other consumers, 
own use and technical losses were built For lndustrlal consumers, the USSR average 
load pattern was applied (see Table 9 1) 
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Table 9 I Relat~ve Consumpt~on Pattern by Customers 
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In accordance wlth the level of consumpt~on by consumer groups, the system relat~ve 
load was calculated Obvrously, the real and model curves do not colnclde (see Fig 
9 LC ), devlattons by rnlnlmum and maximum dally consurnpt~on account for 7% and 2% 

I 
0 < . - ' . ~ . l ' ' . ~ ' > . . ~ ' - I " . -  I.-. r - + ' ~ . ' . ~ ~ l . ~ . ' . l . - " '  

r m O b m r O W h a r W  
r r F r r N W  

Hours 

I..'. ' ' ' . ' . . .  '.'I 1997 model - = -1997 real 

To srmulate d~fferent scenarios of development the prlmary relative load pattern was 
complled of consumers' load patterns proport~onally to their share In the structure of 
electrlc~ty consurnpt~on 

The fourth step IS further transformat~on of an average dally load curve In order to 
account seasonal fluctuations - changes In load consistency and unevenness In the 
course of thls transformat~on the average graph is extended along vert~cal axis as 
follows 

Nrel; * Nrnax'l Navermax grven 0 2 <= (Nrel; + - 1) 
Nrel mnth: = { Nrel; * Navertl Naveraver grven - 0 2 <= (Nrel; + - I) <= 0 2 

(9) 

I Nrelti * Nmrn'l Navermrn glven 
(1 0) 

(Nrel; + - 1 )<= -0 2 (1 1) 

The transformat~on (9)-(I I) means that if a deviation from an average value (I e , I) 
does not exceed 0 2, the current pornt of the graph belongs to the group of po~nts 
changlng In the same way as the average load changes If the dev~atlons exceed 0 2, 
the polnts vary correspondingly to the maxrmum of load if the devlat~ons are below - 
0 2, the points correspond to the minlmum load var~atron The transformation (9)-(11) 
reflects seasonal changes of the load curve 

The last step IS rnovlng the relat~ve load curve conespondtngly to the level of 
electr~c~ty consumptron Electnclty consumpt~on In 1.997 IS assumed as 1 The related 
transformat~on IS as follow~ng 

N( = Nrel mnthtl * Et/  EIgg7 (1.2) 
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9 3 Results 

Consumptron mlx by users and levels of consumpt~on were Input from CENEfs 
GELGDP, ECONOMY and COMPARE models 

Based on these data the weather adjusted average daily load curves were bulk for both 
low and h~gh scenarros (see Fig 9 5 and 9 6 )  These are relative load curves, the 
average dally load IS equal to 1 

H o u r s  

H o u r s  

Then for each year the annual load curves were constructed These average daily 
system load curves served as a bas~s for average system dally load modellng by 
months Results of the forecast~ng are presented at Tables 9 2 and 9 3 
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Table 9 2 Load forecast - low scenarlo (mrlllon kW) 
1997 

January 

February 

March 

Apr~l 

May 
June 

July 

August 

1 

902 

773 

666 

579 

514 

469 

446 

444 

h~gh 
2 

814 

698 

601 

522 

463 

424 

403 

401 

4 

890 

763 

657 

572 

507 

463 

441 

439 

3 

833 

714 

614 

535 

474 

433 

412 

410 

5 

894 

767 

660 

574 

509 

465 

443 

441 

6 

928 

816 

725 

655 

606 

578 

571 

585 

7 

1187 

1044 

927 

838 

775 

739 

730 

748 

8 

1185 

1042 

926 

837 

774 

738 

729 

746 

11 

1091 

960 

853 

771 

713 

680 

671 

687 

9 

1133 

997 

886 

800 

740 

706 

697 

714 

10 

1125 

989 

879 

794 

735 

701 

692 

709 

12 

973 

856 

760 

687 

636 

606 

598 

613 

13 

960 

844 

750 

678 

627 

598 

590 

605 

14 

919 

808 

718 

649 

600 

572 

565 

579 

15 

935 

822 

731 

660 

611 

582 

575 

589 

16 

982 

863 

614 

693 

641 

612 

604 

618 

17 

1191 

1048 

931 

841 

778 

742 

733 

750 

18 

1344 

1177 

1044 

945 

880 

848 

850 

886 

19 

1393 

1220 

1082 

979 

911 

879 

881 

918 

20 

1397 

1223 

1085 

982 

914 

881 

883 

920 

22 

1234 

1085 

964 

871 

806 

769 

759 

777 

21 

1319 

1156 

1025 

928 

863 

832 

834 

869 

23 

1004 

883 

784 

709 

656 

625 

617 

632 

24 

934 

801 

689 

600 

532 

486 

462 

460 
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January 

February 

March 

Apr~l 

May 

June 

July 

August 

September 

October 

November 

December 
I I 

201 0 I llow 
1 

January 2056 

February 1763 

March 1517 

Apr~l 1320 

May 1171 
June 107C 

July 1017 

August 1012 

'September 1057 

'October 1145 

November 1285 

December 1477 

- 
2 - 

1961 - 
1681 - 
1447 - 
125s - 
Illi - 
1021 - 
97C - 
96E - 

100E - 
109E - 
1225 - 
140: 

Table 9 2 cont~nued 
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Table 9 2 cont~nued 
201 5 

January 

February 

March 

April 

7 

2556 

2248 

1998 

1805 

1 

2042 

1796 

1596 

1442 

8 

2642 

2324 

2065 

1866 

November 

December 

low 
2 

2302 

1973 

1698 

1478 

9 

2719 

2391 

2125 

1920 

1616 

1825 

4 

2021 

1778 

1580 

1427 

3 

2290 

1963 

1690 

1470 

1404 

1609 

2157 

2437 

2265 

2559 

2352 

2657 

10 

2793 

2456 

2183 

1972 

2039 

2303 

5 

2097 

1844 

1639 

1481 

1402 

1606 

1929 

2179 

2366 

2673 

6 

2266 

1993 

1771 

1600 

11 

2723 

2395 

2128 

1923 

2093 

2364 

1748 

1975 

2354 

2659 

12 

2613 

2298 

2043 

1846 

1795 

2028 

1602 

1810 

2145 

2423 

1655 

1869 

2206 

2492 

13 

2551 

2243 

1994 

1801 

14 

2581 

2270 

2017 

1823 

2157 

2437 

15 

2595 

2282 

2028 

1832 

23 

2435 

2142 

1903 

1720 

2059 

2325 

24 

2221 

1953 

1736 

1568 

16 

2619 

2304 

1690 

1850 

2015 

2276 

17 

2786 

2451 

2178 

1968 

2028 

2291 

18 

2948 

2593 

2304 

2082 

2034 

2297 

19 

2954 

2598 

2309 

2086 

20 

2941 

2587 

2299 

2077 

2060 

2326 

21 

2833 

2492 

2214 

2001 

2208 

2494 

22 

2715 

2388 

2122 

1918 
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Table 9 3 Load forecast - hrgh scenarro (mrllron kW) 

1997 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

1998 

January 

February 

March 

Aprll 

May 

June 

July 

August 

September 

October 

November 

December 

1 

902 

773 

666 

579 

514 

469 

446 

444 

464 

504 

565 

648 

1 

1167 

1001 

861 

749 

665 

607 

578 

575 

600 

652 

732 

838 

h~gh 
2 

814 

698 

601 

522 

463 

424 

403 

401 

418 

455 

510 

585 

hrgh 
2 

1083 

928 

799 

695 

617 

563 

536 

533 

556 

605 

679 

778 

3 

833 

714 

614 

535 

474 

433 

412 

410 

428 

465 

522 

598 

3 

1098 

941 

810 

705 

625 

571 

543 

541 

564 

613 

688 

788 

4 

890 

763 

657 

572 

507 

463 

441 

439 

458 

497 

558 

640 

4 

1153 

988 

851 

740 

657 

600 

571 

568 

593 

644 

723 

828 

5 

894 

767 

660 

574 

509 

465 

443 

441 

460 

500 

561 

642 

5 

1172 

1005 

865 

752 

667 

610 

580 

577 

602 

655 

735 

842 

6 

928 

816 

725 

655 

606 

578 

571 

585 

619 

675 

751 

848 

6 

1173 

1032 

917 

828 

766 

731 

722 

739 

783 

853 

949 

1072 

7 

1187 

1044 

927 

838 

775 

739 

730 

748 

792 

863 

960 

1085 

7 

1450 

1275 

1133 

1024 

947 

903 

892 

913 

967 

1054 

1173 

1325 

8 

1185 

1042 

926 

837 

774 

738 

729 

746 

791 

861 

959 

1083 

8 

1458 

1282 

1140 

1030 

953 

908 

897 

919 

973 

1060 

1180 

1333 

9 

1133 

997 

886 

800 

740 

706 

697 

714 

756 

824 

917 

1036 

9 

1426 

1254 

1114 

1007 

932 

888 

877 

898 

951 

1037 

1154 

1304 

10 

1125 

989 

879 

794 

735 

701 

692 

709 

750 

818 

910 

1028 

10 

1424 

1253 

1113 

1006 

931 

887 

876 

897 

950 

1036 

1153 

1302 

11 

1091 

960 

853 

771 

713 

680 

671 

687 

728 

793 

883 

998 

11 

1382 

1216 

1081 

976 

903 

861 

851 

871 

922 

1005 

1119 

1264 

12 

973 

856 

760 

687 

636 

606 

598 

613 

649 

707 

787 

889 

12 

1262 

1110 

986 

891 

825 

786 

776 

795 

842 

918 

1021 

1154 

13 

960 

844 

750 

678 

627 

598 

590 

605 

640 

698 

777 

877 

13 

1241 

1092 

970 

877 

811 

773 

764 

782 

828 

902 

1005 

1135 

14 

919 

808 

718 

649 

600 

572 

565 

579 

613 

668 

744 

840 

14 

1212 

1066 

947 

856 

792 

755 

745 

763 

808 

881 

981 

1108 

15 

935 

822 

731 

660 

611 

582 

575 

589 

624 

680 

757 

855 

15 

1225 

1077 

957 

865 

800 

763 

753 

771 

817 

890 

991 

1120 

17 

1191 

1048 

931 

841 

778 

742 

733 

750 

795 

866 

964 

1089 

17 

1478 

1300 

1155 

1044 

966 

921 

909 

931 

986 

1075 

1196 

1351 

16 

982 

863 

614 

693 

641 

612 

604 

618 

655 

714 

795 

898 

16 

1268 

1115 

810 

895 

828 

790 

780 

799 

846 

922 

1026 

1159 

18 

1344 

1177 

1044 

945 

880 

848 

850 

886 

955 

1059 

1196 

1367 

18 

1623 

1422 

1261 

1141 

1062 

1024 

1026 

1070 

1154 

1278 

1444 

1650 

19 

1393 

1220 

1082 

979 

911 

879 

881 

918 

990 

1097 

1239 

1416 

19 

1665 

1459 

1294 

1171 

1090 

1050 

1053 

1097 

1184 

1311 

1481 

1693 

20 

1397 

1223 

1085 

982 

914 

881 

883 

920 

993 

1100 

1242 

1420 

20 

1663 

1457 

1292 

1170 

1089 

1049 

1052 

1096 

1182 

1310 

1480 

1691 

21 

1319 

1156 

1025 

928 

863 

832 

834 

869 

938 

1039 

1174 

1341 

21 

1579 

1383 

1227 

1110 

1033 

996 

999 

1041 

1122 

1244 

1405 

1605 

23 

1004 

883 

784 

709 

656 

625 

617 

632 

670 

730 

812 

918 

23 

1259 

1107 

984 

889 

823 

784 

775 

793 

840 

915 

1019 

1151 

22 

1234 

1085 

964 

871 

806 

769 

759 

777 

823 

897 

999 

1128 

22 

1502 

1321 

1174 

1061 

981 

936 

924 

946 

1002 

1092 

1216 

1373 

24 

934 

801 

689 

600 

532 

486 

462 

460 

480 

522 

586 

671 

24 

1049 

923 

820 

741 

686 

654 

646 

661 

700 

763 

849 

959 
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1999 

January 

February 

March 

Apnl 

May 

June 

July 

August 

September 

October 

November 

December 

2000 

January 

February 

March 

Aprrl 

May 

June 

July 

August 

September 

October 

November 

December 

1 

1522 

1305 

1123 

977 

867 

792 

753 

750 

782 

850 

954 

1093 

1 

1609 

1379 

1187 

1033 

916 

837 

796 

793 

827 

899 

1009 

1156 

6 

1498 

1317 

1171 

1058 

979 

933 

921 

944 

999 

1089 

1212 

1369 

6 

1575 

1386 

1231 

1113 

1029 

981 

969 

992 

1051 

1145 

1275 

1440 

hlgh 
2 

1428 

1224 

1054 

917 

813 

743 

707 

704 

734 

798 

895 

1026 

hlgh 
2 

1513 

1297 

1117 

971 

862 

788 

749 

746 

778 

845 

948 

1087 

7 

1821 

1602 

1423 

1286 

1190 

1135 

1120 

1147 

1215 

1324 

1474 

1665 

7 

1900 

1671 

1485 

1342 

1242 

1184 

1169 

1197 

1268 

1382 

1538 

1737 

3 

1443 

1237 

1064 

926 

821 

751 

714 

711 

741 

806 

904 

1036 

3 

1527 

1309 

1127 

980 

869 

795 

755 

752 

785 

853 

957 

1097 

8 

1829 

1609 

1430 

1292 

1195 

1140 

1125 

1152 

1220 

1330 

1480 

1672 

8 

1914 

1683 

1496 

1352 

1251 

1192 

1178 

1206 

1277 

1392 

1549 

1750 

4 

1505 

1290 

1110 

966 

857 

783 

745 

741 

773 

841 

943 

1081 

4 

1592 

1365 

1175 

1022 

907 

829 

788 

785 

818 

890 

998 

1144 

5 

1528 

1310 

1127 

981 

870 

795 

756 

753 

785 

853 

958 

1098 

5 

1617 

1386 

1193 

1038 

921 

842 

800 

797 

831 

903 

1014 

1162 

9 

1808 

1591 

1414 

1277 

1182 

1127 

1113 

1139 

1207 

1315 

1464 

1653 

9 

1900 

1671 

1485 

1342 

1242 

1184 

1169 

1197 

1268 

1382 

1538 

1737 

10 

1825 

1605 

1426 

1289 

1192 

1137 

1123 

1150 

1218 

1327 

1477 

1668 

10 

1924 

1692 

1504 

1359 

1257 

1199 

1184 

1212 

1284 

1399 

1557 

1759 

11 

1778 

1564 

1390 

1256 

1162 

1108 

1094 

1120 

1187 

1293 

1439 

1626 

11 

1878 

1652 

1468 

1326 

1227 

1170 

1155 

1183 

1253 

1365 

1520 

1717 

12 

1640 

1442 

1282 

1158 

1071 

1022 

1009 

1033 

1094 

1192 

1327 

1499 

12 

1738 

1528 

1358 

1227 

1135 

1083 

1069 

1095 

1159 

1263 

1406 

1588 

13 

1613 

1418 

1261 

1139 

1054 

1005 

992 

1016 

1076 

1173 

1305 

1474 

13 

1708 

1503 

1335 

1207 

1116 

1064 

1051 

1076 

1140 

1242 

1383 

1562 

14 

1586 

1395 

1239 

1120 

1036 

988 

976 

999 

1058 

1153 

1283 

1450 

14 

1685 

1482 

1317 

1190 

1101 

1050 

1037 

1061 

1124 

1225 

1364 

1540 

15 

1592 

1400 

1244 

1124 

1040 

992 

979 

1003 

1062 

1157 

1289 

1455 

15 

1691 

1487 

1321 

1194 

1105 

1053 

1040 

1065 

1128 

1229 

1368 

1546 

17 

1875 

1649 

1465 

1324 

1225 

1168 

1153 

1181 

1251 

1363 

1517 

1714 

17 

1971 

1733 

1540 

1392 

1287 

1228 

1212 

1241 

1315 

1433 

1595 

1802 

16 

1638 

1441 

1064 

1157 

1070 

1021 

1008 

1032 

1093 

1191 

1326 

1498 

16 

1736 

1527 

1127 

1226 

1134 

1082 

1068 

1094 

1158 

1262 

1405 

1587 

18 

2033 

1780 

1579 

1429 

1330 

1282 

1285 

1340 

1445 

1601 

1808 

2066 

18 

2122 

1859 

1649 

1492 

1389 

1339 

1342 

1399 

1508 

1671 

1888 

2158 

19 

2075 

1818 

1612 

1459 

1358 

1309 

1312 

1368 

1475 

1634 

1846 

2110 

19 

2163 

1895 

1681 

1521 

1416 

1365 

1368 

1426 

1538 

1704 

1925 

2200 

20 

2070 

1813 

1608 

1456 

1355 

1306 

1309 

1364 

1471 

1630 

1841 

2105 

20 

2158 

1890 

1677 

1518 

1412 

1362 

1365 

1422 

1534 

1700 

1920 

2194 

Table 

21 

1969 

1725 

1530 

1385 

1289 

1242 

1245 

1298 

1400 

1551 

1752 

2002 

21 

2055 

1800 

1597 

1445 

1345 

1297 

1300 

1354 

1461 

1619 

1828 

2090 

9 3 

22 

1885 

1658 

1473 

1331 

1231 

1174 

1159 

1187 

1257 

1370 

1525 

1723 

22 

1972 

1734 

1541 

1393 

1288 

1229 

1213 

1242 

1316 

1434 

1596 

1803 

cont~nued 

23 

1609 

1415 

1258 

1136 

1051 

1002 

990 

1014 

1074 

1170 

1302 

1471 

23 

1693 

1489 

1324 

1196 

1106 

1055 

1042 

1067 

1130 

1231 

1371 

1548 

24 

1373 

1208 

1074 

970 

897 

856 

845 

865 

916 

999 

1112 

1256 

24 

1456 

1281 

1138 

1028 

951 

907 

896 

917 

971 

1059 

1178 

1331 
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CENEf Electrrc~ty Demand for Georgia 1998-2020 

Table 9 3 cont~r 

June 1529 1440 1432 1513 1570 1697 1914 1978 2035 2091 2039 1957 1910 1932 1943 1961 2086 2207 2212 2202 2121 2033 1822 
- 
July 1510 1369 1362 1494 1550 1676 1890 1953 2010 2065 2013 1932 1886 1908 1918 1937 2060 2180 2184 2174 2095 2008 180C 

August 1546 1363 1356 1530 1588 1716 1935 2000 2058 2114 2061 1978 1931 1954 1964 1983 21 10 2232 2236 2227 2145 2056 1842 

September 1637 1422 1414 1621 1681 1817 2050 2118 2180 2239 2183 2095 2045 2070 2081 2100 2234 2364 2369 2358 2272 2177 1952 - 
October 1784 1545 1537 1766 1832 1980 2234 2308 2375 2440 2379 2283 2229 2255 2267 2288 2435 2576 2581 2570 2475 2372 2127 

November 1986 1734 1725 1966 2040 2204 2486 2570 2644 2716 2648 2542 2481 2510 2524 2548 2710 2868 2873 2861 2756 2641 236f 

December 2244 1987 1977 2221 2304 2490 2809 2903 2987 3068 2992 2871 2802 2836 2851 2878 3061 3239 3245 3231 3113 2983 2675 
- 
2020 h~gh 
7 

1 2 3 4 5 6 7 8 9 10 1 1  12 13 14 15 16 17 18 19 20 21 22 22 

January 2409 2703 2699 2389 2468 2677 3040 3121 3199 3290 3217 3070 3005 3025 3033 3071 3293 3508 3528 3510 3378 3217 2877 

February 2119 2317 2314 2101 2171 2355 2674 2745 2813 2894 2830 2700 2643 2660 2668 2701 2896 3085 3103 3087 2971 2829 2530 

March 1883 1995 1991 1867 1929 2093 2376 2440 2500 2571 2515 2400 2349 2364 2371 1991 2574 2742 2758 2744 2640 2514 2249 

Apr~l 1702 1735 1733 1687 1743 1891 2147 2204 2259 2323 2272 2168 2122 2136 2142 2169 2326 2477 2492 2479 2386 2272 2032 

May 1574 1540 1537 1561 1613 1749 1986 2039 2090 2150 2102 2006 1964 1976 1982 2007 2152 2292 2305 2293 2207 2102 1880 

June 1501 1407 1405 1488 1538 1668 1894 1945 1993 2050 2004 1913 1872 1885 1890 1914 2052 2186 2198 2187 2105 2004 1792 

July 1482 1338 1336 1470 1518 1647 1870 1920 1968 2024 1979 1889 1849 1861 1866 1890 2026 2158 2171 2160 2078 1979 1770 

August 1518 1332 1330 1505 1555 1687 1915 1966 2015 2073 2027 1934 1893 1906 1911 1935 2075 2210 2223 2211 2128 2027 1812 - 
September 1608 1389 1387 1594 1647 1787 2029 2083 2134 2195 2147 2048 2005 2018 2024 2049 2197 2341 2354 2342 2254 2146 1919 

October 1752 1510 1508 1737 1794 1947 2210 2269 2326 2392 2339 2232 2185 2199 2205 2233 2394 2550 2565 2552 2456 2339 2091 

November 1950 1694 1692 1934 1998 2167 2461 2526 2589 2663 2604 2485 2432 2448 2455 2486 2665 2839 2856 2841 2734 2604 2328 

December 2203 1942 1939 2184 2256 2448 2779 2854 2924 3008 2941 2807 2747 2765 2773 2808 3011 3207 3226 3209 3088 2941 2630 
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Max~mum and minlmum demand levels (of an average January and July weekdays) for 
both scenarios are presented at Fig 9 7 As can be seen, by 2015 the maxlmum 
demand of high scenario grows up 2 5-fold as compared to 1997 level, exceeding 3 5 
brlllon kW Low scenario suggests 2 I-fold growth, and the maximum demand in an 
average January weekday IS about 3 blll~on kW S~rnultaneously, summer mlnlrnum of 
the demand Increases with higher rates - 3 3-fold and 2 7-fold correspondingly, 
achrevlng the level of 1 4-1 I b~llion kW 

-January m a x i m  urn 
h igh  scenar io  

-January m a x i m  um low 
scenar  io 

- - -  - - -  -July m in im urn - h ~ g h  
scenar io  

-July rn lnlm u m  low 
scenar  lo 

Important character~stics of the load curves - consistency (max~mum load related to an 
average dally one) and unevenness (maximum load related to a minimum one) for 
winter and summer seasons are presented at Table 9 4 The values are the same for 
both scenarios Obviously, both cons~stency and unevenness decline by the end of the 
perrod considered as compared to 1997 That means, daily load curve fluctuations are 
be~ng smoothed, and the gap between maximum and mlnlmum 1s belng reduced Thls 
process of load curve gradual transformation was graphically demonstrated by F~gures 
95and96above 

Table 9 4 Load Curves Consosteaecy and Unevenness 

1997 
1998 
1999 
2000 
2005 
201 0 
201 5 
2020, 

Consistency {MaxlAver) 
January 

1 311 
1 248 
1216 
1 205 
1 177 
I 177 
1 158 
1 171 

Unevenness (MaxlMin) 
July 

1 396 
1 321 
1 289 
1 277 
1 240 
1 24+l 
1 175 
1 188 

January 
1 716 
1 587 
1 511 
1 486 
1 489 
1 486 
1 461 
1 477 

July 
2 193 
1 966 
1 857 
1 827 
1 737 
I 722 
1 604 
I 625 
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Attachment 
Tnp Reports 

First data collect~on CENEf s tnp to T b l l ~ s ~  

Pumose of the tnp According to the Work Plan for the project the purpose of thls tnp was to 
collect statistical information m Tbllisi and Intermew of Georgnn experts on ~dentlficat~on of 
potentla1 to unprove energy efficiency 

Team of experts On thls tnp two CENEf experts - Igor Bashrnakov and Vladimu Zhuze came to 
Tbllis~ 

Schedule of meetings dumg the tnp 

No 
1 

2 

3 

4 

5 

6 

7 

8 

Meet~ng with 
Zurab Menteshashvllii 
Program Manager, B&R 
Tbhsi office 
Ketlno Alatashvlll~ 
Expert B&R Tb111si office 

Temun Mluashv~li, 
Seruor Engneer B&R 
Tbhsi office 
Nlkola~ Dadiany, "Telast" 

Vasslly Metrevely, Chef 
energy manager of 
Rustavy Metallur-gcal 
Plant, wth the 
pmclpatlon of h s  
experts 
George Makashvdy, Fust 
Deputy General Duector, 
Energogene-ratia, 
Goderz~ aasashvlly 
Chef Enpeer,  Valery 
Dzotserudze, Chef of 
Production Department 
Andrew Barnard, 
Georgan Economc 
Trend TACIS 
Otar Vezenshdy, 

Date 
16 4 

16 4 
and 
17 4 

16 4 

16 4 

16 4 

16 4 
and 
17 4 

17 4 

17 4 

Results of the meetlng 
Introduction to the general energy and economc 
situation in Georga Discussion of schedule for 
the meetmgs dunng the tnp 
Presentation of data collected by B&R Tbllls~ 
office m accordance wth the questlomare sent by 
CENEf m advance Translation of some 
document from Georpan to Russian 
Discuss~on on techrucal problems to lmprove 
energy effic~ency m lndustnal apphcations and in 

mumapal sector 
Intmew on the situation wth electnc~ty supply, 
demand and payments as well as on energy 
effiaency improvement measures considered by 
the local experts Collection of data 
Techrucal Problems of runrung energy facilltles at 
the enterpnse and possibhties to unprove energy 
efficiency 

Management of electnclty supply systems, data 
collection on loads for typical days, data 
collection on electnaty consumption Intmew 
on the possibdioes to rmprove energy efficiency 

Vis~t to collect sta~stlca.1 data 

Potentla1 and barners to apply technolop;les to 



CENEf Electnclh Demand for Georga 1998-2020 

Based on data collected the adaptation of structure of p r o j a o n  models to the situation m 
Georga wll be accomplished After that the development of mtial versions of electncity demand 
scenarios wll be launched 

Comments Invaluable assistance was provlded to CENEf team dunng the tnp by the Burns and 
Roe Tbhs Office staff CENEf also apprecrates the contnbuhon to the data collection process 
done by the office s t a m  responding questionnaxe send by CENEf s experts m advance 

generate energy fiom renewable in Georgia 

Data collection on electnclty consumption 
Introduction to the work on projectmg of 
electricity demand done by the institute, 

Discussion of the world bank data on energy 
balances and collmon of data 

Data collection I n t e ~ e w  on avalabhty of 
additional data Presentation of results of the 
recent survey for identification of residential 
electricity and &el use habits 

1 7 4 

17 4 

17 4 

9 

10 

11 

Professor Tbilisi State 
Umversity 
Nodar Kereselidze, 
D~rector, Georgian 
Research Institute of 
Power Engneenng 
Robert Hachltunan Head 
of Department m the 
Institute, wth the 
presence of Tormke 
Gotstndze Expert from 
the Institute as well as 
T ACIS representative 
Teimuraz Jugelli, General 
Director, and Jemal 
Akhaha, Deputy General 
Brector 
Teimuraz Gogshvlll, 
Head of the aggregated 
statistics and Lnforrnation 
Department 



CENEf Eleanat) Demand for Georgra 1998-2020 

Tnp Report 

Second data collection&venfication CENEf s tnp to Tbhsi 

May 18-21, 1998 

Pumose of the tnp Accordrng to the Work Plan for the project the purpose of th~s  tnp was to 
collect statistical information m Tbilts~ and intmew of Georgan experts on ~dentdicat~on of 
potential to unprove energy effiaency 

Team of exmrts On ths tnp two CENEf experts - Yury Dashevsky and Vladimrr Zhuze came to 
Tbil~si 

Schedule of meetings dunng the tnp 

Results of the meetlnp; 
Dlscuss~on of the sltuaQon at Georlgan energy 
market Techcal aspects of energy production at 
Tbd~s~ Power plant 
Data on tanffs, energy produrnon, rmport and 
export collection Introduction to the general 
energy and economc current srtuat~on in 
Sakenergo 
Discussion of soad aspects of energy efficrency 
measures for mdustnal apphcauons and m 
mumctpal Introduction to the work on projecting 
of electncrty demand 

Potential to apply technologes to generate energy 
from renewable m G e o r ~ a  thscusslon of speclfic 
costs of necessary eqwpment for solar heatmg, wmd 
power generators etc 
Discussion on techcal problems to unprove energy 
effiaency m lndustnal apphcatrons and m rnunlclpal 
sector Techrucal Problems of m g  energy 
faahties at the enterprise and possibihties to 
Improve energy efficiency 
The role of chemcal lndustry m future Georgan 
electnclty wnsumphon 

Management of elecmc~ty supply systems, data 
collection on loads for typlcal days, data collechon 
on electricity consumption Interview on the 
possibhtles to improve energy effictency 

Date 
19 5 

19 5 

19 5 

19- 
20 5 

18- 
20 5 

20 5 

20 5 

No 
1 

2 

3 

8 

5 

6 

7 

Meeting wth 
Godeny K;lasashwlr 
Chef' of techcal 
department of Sakenergo 
Aleksey Zhdanov~tch 
Chef of economcs and 
foretgn relations 
department of Sakenergo 
Murman Margelashwlr 
General director of 
GENECO 
(EngdkEnwonmental 
consultants) 
Otar Vezenshvlly, 
Professor, Tbdisi State 
Uruversity, B&R 
consultant 
Guram Avahshwli 
Chef energy manager of 
Caproloctam chemcal 
factory (Rustavl) 

YuryBedlne~shv~ly 
Duector of C henucal 
combmat (Rustavy) 
David Rewa 
Chef enpeer  of Energy 
department of Chemcal 
comblnat (Rustavy) 



CENEf Electnab Demand for Geowa 1998-2020 

Based on data collected the adaptation of structure of project~on models to the sltuatlon m 
Georga wrll be accomphshed After that the development of mbal verslons of electnclty demand 
scenarios WLU be launched 

Comments Lnvaluable assistance was provlded to CENEf team dumg the tnp by the Bums and 
Roe Tbllis~ Office staff CENEf also appreciates the contnbubon to the data collect~on process 
done by the office staffm respondmg questionnaue send by CENEf s experts m advance 

8 

9 

10 

Third tnp to Tbrlisi to partic~pate in Intenum Workshop Least Cost Planning Model for 
Geoqgan Power System 

May 3 1 - June 3, 1 998 

hrmtry Butonn 
Chef energy manager of 
Energy department of 
Chemcal combinat 
(Rust avy ) 
Levan Robaludze 
Georgan Energy 
Efficiency Fund 
Employees of B&R 
Georgan office 

20 5 

20- 
21 5 

18-2 1 

Igor Bashmakov, Executive Dlrector of CENEf came on thls tnp 

11 

r)lscussion on motors, transformers and some 
others enrage consurmng equipment unprovement 
opportumtles 

Visit to collect statistical data on electnclty 
consumption Discussmg the role of EEF in energy 
atuation improvement m Georpa 
Verification of data collected by B&R Tb~lisi office 
Translation of some documents from Georgan to 
Russlan 

10 copes of Draft report were dehvered to Tbhsi 

Visits to Tbihsi shops to collect data on aviulable home apphances efficiency and pnces 

On May 31 Draft report was presented to Brooks Howell, Adam Krechko and other project 
partxlpants m Enghsh 

On June 1 Electnc Power Demand Forecast for Georga 1998-2020 was presented by I 
Bashmakov at the workshop 

On June 3 I Bashmakov participated at the meetmg wth Brooks Howell and Adam Krechko to 
discuss how results can be used by IPM model 

Meeting with Adam Krechko in Moscow 

June 24, 1998 

Igor Bashmakov and Svetlana Soroluna had a meetlng wth Adam Krechko m CENEf s office m 
Moscow Adam was gven all computer models developed and used by CENEf for ths study 
wth the condi~on not to dissemnate those models to anyone who is not involved m the project 



Hydro-Fac~l~ties Assessment Studies and 
Survey of Existlng and Potent~al Projects 
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1 INTRODUCTION 

2 CONDITION ASSESSMENTS OF EXISTING PROJECTS 
2 1 Initial Screerung of Existing Hydro Generation Facilities in Georgia 
2 2 Data Collection 
2 3 Estimating Costs and Energy Production 

2 3 1 Estimation of Costs 
2 3 2 Estimation of Energy Production 

2 4 Assessment of the Engun Hydroelectric Project 
2 4 1 General Condition of the Engun Project 
2 4 2 Rehabilitation Cost and Implementation Schedule 
2 4 3 Existing Generation and Anticipated Improvement 

2 5 Assessment of the Vardmli Cascade 
2 5 1 General Condition of the Vardnili Cascade 
2 5 2 Cost for Rehabilitation of Vardnili I 
2 5 3 Cost for Rehabilitation of Vardnili 11-IV 
2 5 4 Implementation Schedule for the Vardmli Cascade 
2 5 5 Existing Generation and Anticipated Improvement 

2 6 Assessment of the Jinvali Project 
2 6 1 General Condition of the Jinvali Project 
2 6 2 Cost for Rehabilitation of Jlnvali 
2 6 3 Existing Generation and Anticipated Improvement 

2 7 Assessment of the Khrami I Project 
2 7 1 General Condition of the Khrami I Project 
2 7 2 Rehabilitation Cost and Implementation Schedule 
2 7 3 Existing Generation and Anticipated Improvement 

2 8 Assessment of the Khrami I1 Project 
2 8 1 General Condition of the Khrami I1 Project 
2 8 2 Rehabilitation Cost and Implementation Schedule 
2 8 3 Existing Generation and Anticipated Improvement 

2 9 Assessment of the Ladjanun Project 
2 9 1 General Condition of the Ladjanun Project 
2 9 2 Rehabilitation Cost and Implementation Schedule 
2 9 3 Existing Generation and Anticipated Improvement 

2 10 Assessment of the Gumati I Project 
2 10 1 General Condition of the Gumati I Project 
2 10 2 Rehabilitation Cost and Implementation Schedule 
2 10 3 Existing Generation and Anticipated Improvement 

2 11 Assessment of the Gurnati I1 Project 
2 1 1 1 General Condition of the Gumati I1 Project 
2 1 1 2 Rehabilitation Cost and Implementation Schedule 
2 1 1 3 Existmg Generation and Anticipated Improvement 

2 12 Assessment of the Bani Project 
2 12 1 General Condition of the Rroni Project 
2 12 2 Rehabilitation Cost and Implementation Schedule 
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2 12 3 Existing Generation and Anticipated Improvement 
2 13 Assessment of the Vartslke Cascade Project 

2 13 1 General Condition of the Vartsike Project 
2 13 2 Rehab~litation Cost and Implementation Schedule 
2 13 3 Existing Generation and Ant~cipated Improvement 

2 14 Assessment of the Shaon Project 
2 14 1 General Condition of the Shaon Project 
2 14 2 Rehabilltation Cost and Implementation Schedule 
2 14 3 Existing Generation and Anticipated Improvement 

2 15 Assessment of the Thbuli Project 
2 15 1 General Condition of the Thbuli Project 
2 15 2 Rehabilitahon Cost and Implementation Schedule 
2 15 3 Existing Generation and Anticipated Improvement 

2 16 Assessment of the Zahesi Project 
2 16 1 General Condition of the Zahesi Project 
2 16 2 Rehabilitation Cost and Implementation Schedule 
2 16 3 Existing Generation and Anticipated Improvement 

2 17 Assessment of the Ortachala Project 
2 17 1 General Condtion of the Ortachala Project 
2 17 2 Rehabilitation Cost and Implementation Schedule 
2 17 3 Existing Generation and Anticipated Improvement 

2 18 Assessment of the Atshesh Project 
2 18 1 General Condition of the Atsheshi Project 
2 18 2 Rehabilitation Cost and Implementation Schedule 
2 18 3 Existing Generation and Anticipated Improvement 

3 ASSESSMENT OF PROPOSED PROJECTS 
3 1 Engun kve r  Hydroelectnc System 

3 1 1 Khudonl Hydroelectnc Project 
3 1 2 Chen Hydropower Project 

3 1 3 Jorkvali Hydropower Project 
3 2 Narnakhvam Hydropower System 

3 2 1 Tvish Hydropower Project 
3 2 2 Narnakhvam Hydropower Project 
3 2 3 Zhoneti Hydropower Project 

3 3 Tsagen Hydropower Project 
3 4 Paravam Hydropower Project 
3 5 Medium and Small Hydropower Projects 

3 5 1 Minadze Hydropower Project 
3 5 2 Dzevra Hydropower Project 
3 5 3 Ponlchala Hydropower Project 
3 5 4 Rustavi 2 Hydropower Project 
3 5 5 Abuli Hydropower Project 
3 5 6 Mutso Hydropower Project 

3 6 Cascades 
3 6 1 Gubazeuli Cascade 
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3 6 2 Zestaphonl Cascade 
3 6 3 Tskhenlstkall Cascade 
3 6 4 Ston Cascade 

4 OPERATING COSTS 

5 REFERENCES 
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Georgia Electricity Sector Least Cost Development Plan 

I INTRODUCTION 

The pnmary objective of these studies is to define an appropnate development plan by detennlning 
the least-cost means of meetmg the final electricity demand for the Republlc of Georga Ths report 
is concerned wlth the hydropower sector contribution to the least-cost plan To meet the objectives, 
an assessment was made of the existing and planned hydropower projects that are considered to be 
sultable for inclusion in such a plan As stated m the terms of reference, the studies were based, for 
the most part, on existing information 

To determine the suitability of the existing plants for inclusion in the least-cost development plan, 
the plants were rated according to the following parameters (TACIS, 1994) 

a Size 
a Ownership 

Connection to the national grid 
Availability of information 

For the planned sites, studies rangmg fiom conceptual to detailed feasibility are reported to exist for 
literally hundreds of projects Through a cooperative agreement wlth the Georgan Hydro Institute, 
the most practical projects and those whch have the best potential for development were identified 
For these projects, the Hydro Institute prepared updated estimates of cost and energy production 

In the followng sechons of t h~s  report, the assurnptlons regarding the estimation of cost and the pre- 
and post-rehabilitation estimates of energy production are presented For each of the selected 
existing projects, a descnptlon, a summary of the current condition, and the cost to rehabilitate the 
plant are provided For each of the potential projects, a descnptlon and an estlmate of the cost of 
implementation are presented 
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2 CONDITION ASSESSMENTS OF EXISTING PROJECTS 

The total installed hydroelectric capacity in Georgia is reported to be 2,838 1 MW distnbuted among 
103 hydropower plants (TACIS, 1994) or 2,836 MW distnbuted among 100 hydropower plants 
(iCee, 1996) 

The process involved m developing the required dormation for the least-cost development plan was 
to perform an imtial screemng to identify a reasonable number of real opportunities for 
development, the analysis of the information collected for these projects, and the development of 
cost and other economic information for inclusion in the least-cost model 

2 I lnltlal Screen~ng of Exlstlng Hydro Generation Fac~lltles In Georgla 
Two of the existing information sources (TACIS, 1994, iCee, 1996) performed a preliminary 
screemng to identify sites for whch condtion assessments were prepared The mformabon reported 
on these two screenings was also used in t h s  report to select sites for inclusion in the least-cost 
development plan 

Step 1 in the selection process was performed on the basis of a mimmurn installed capacity of 10 
MW As a result of the mtial screerung, the number of existmg plants to be considered for mclusion 
m the least-cost plan was reduced to 27 The mimmum installed capacity was selected arbitrarily 
on the basis of a review of existlng dormation From th~s  review, it was determined that the cutoff 
at 10 MW would not eliminate any plants larger than about 2 0 MW that have not already been 
pnvatlzed, and it did ellrnmate all plants not connected to the national gnd It was also considered 
that plants smaller than 2 0 MW would not make a sigruficant contribution to the energy needs of 
Georgia and would not be a sigmficant mdividual component of the least cost plan (the inclusion of 
small hydro in the plan is discussed in more detail in a later section) Of the plants removed from 
consideration, most belong to the Mimstry of Agriculture, and the next largest segment consists of 
plants that have been pnvatized 

Of the remaining 27 plants, 5 have been pnvatlzed, 4 are leased, and 1 is not operating and is 
considered to be beyond rehabilitation In addition, all or parts of six projects are located in 
Abkhazia which, although in the temtory of Georgia, is in an area of continuing civil stnfe 

In the second step of the selection process, the pnvatlzed and not-operatmg plants were rejected from 
further consideration As a part of the pnvatization agreements, the new operators are required to 
provide capital improvements for the plants and to provide on-gomg mamtenance Therefore, m the 
least-cost planning, these plants will be considered as fully operational The status of the plant 
reported as non-operat~onal and beyond rehabilitation was confirmed with the Ministry of Fuel and 
Energy and also rejected The leased plants were retained because the leasing arrangements only 
cover operation and maintenance and additional funds will be requlred for capital expenditures In 
this case, the development b d s  will come from government sources or from a pnvate developer 

The plants in Abkhazia--Engun (1,300 MW, power plant only), Perepadnaya 1 (216 MW), 
Perepadnaya 11,111, and N (aggregate of 120 MW), and S u k h m  (19 MW)--account for over one- 
half of Georgia's installed capacity with Engun accountmg for over 45 percent Although a political 
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solution to the current problems is not immediately ev~dent, the opportunit~es for economic 
development afforded by these hydropower projects cannot be ignored Therefore, the projects, 
except for Sukhumi, were retained for further evaluation Sukhum~ was rejected because it is 
relat~vely small and no information is available 

As a result of the initial screening, 21 projects are identified for which an intense data gathenng 
program was Initiated Charactenstics of the 21 existlng projects are presented In Table 2-1 
Exhibit 2-1 tabulates power, energy, and cost data for the least cost development plan model 

Table 2-1 
POTENTIAL CANDIDATES FOR LEAST COST DEVELOPMENT PLAN 

Project 
Engun 
Vardnili I 
Jinvali 
Khrami I 
Ladj anun 
Khrami I1 
Tklbuli 
Rioni 
Vartsikhe I 
Vartsikhe I1 
Vartsikhe I11 
Vartsikhe IV 
Gumati I 
Shaon 
Perepadnaya I1 
Perepadnaya I11 
Perepadnaya IV 
Zahesi 
Gumatt I1 
Ortachala 
Atshesi 

Alternative 
Name 
Ingun 
Perepadnaya I 
Zhinvali 

Ladzhanun 

Tkhibuli 
Rhioni 

Avchala 

Adjans-Tskali 

River 
Engun 
Entskali 
Aragvi 
Khraml 
Ladj anun 
Khrami 
Tkibuli 
h o n i  
h o n i  
h o n i  
h o n i  
h o n i  
h o n i  
S haon 
Canal 
Canal 
Canal 
Kura 
h o n i  
Kura 
Adzhais 

Installed 
Capacity (MW) 

1,300 
220 
130 
113 
112 
110 
8 0 
48 
46 
46 
46 
46 
44 

40 (38) 
40 
40 
40 
37 
23 
18 
16 

~ ~ ~ e '  
Storage 
Storage 
Storage 
Storage 
Storage 
dls from storage 
Storage 
Run-o f-nver 
Run-o f-nver 
Run-of-nver 
Run-of-nver 
Run-of-nver 
Run-of-nver 
Storage 
d/s from storage 
d/s from storage 
d/s from storage 
Run-of-nver 
Run-of-nver 
Run-of-nver 
Run-of-nver 

I d/s means downstream 

2 2 Data Collect~on 

Five sources have been identified whlch prov~de condition assessment information The five 
sources are 
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TACIS (1994) - visited 12 plants 4 on the Kura kve r  and 8 on nvers dramng to the Black 
Sea 
iCee (1996) - vlsited all plants listed in Table 2 1 except the four located in Abkazia 
(Perepadnaya I -N and Sukhumi) 
Harza (1995 and 1996) - performed detailed condition assessments of five projects 
ConQtion assessments by Sakenergogenensta (Sakenergo) in 1997 and 1998 - reported for 
most or all of the projects, however, only five provided 
EBRD (1998) - a feasibility study of the rehabilitation of the Engun Project which also 
includes information for Vardmli I 

The content of the vanous sources of data are vaned Much of the information presented in the data 
sources is conflicting even to the nameplate capaclty of the units It was assumed that any feature 
described as needing repair shll needs repair unless a later assessment specifically indicates that the 
feature was repared Therefore, the estimates represent an accumulation of all of the items 
identified In the text of t h s  report, not all of the items are mentioned as t h s  informat~on is readlly 
available m each of the sources In th s  report, a general condition assessment is presented as well 
as the speclfic identification of the major items needing repair, rehabilitation, or refurbishment 

2 3 Est~mat~ng Costs and Energy Product~on 
Conflicting objectives and a change in the phlosophy of development require that certain of the 
assumptions made in the estimation of costs and energy production be presented 

2 3 I Est~mat~on of Costs 
Almost one-half of the hydro plants under consideration are more than 40 years old, and many of 
the remander are more than 20 years old The age by number of plants (excluding Perepadnaya II- 
IV) 1s 

Age Range No ofplants 

10-20 years 5 
2 1-30 years 2 
3 1-40 years 3 
>40 years 9 

In additlon to age, all of the plants have been subjected to severe operating conditions due to a lack 
of b d s  for maintenance over the last 10 years As a result, even the younger stations are in very 
poor condition Spending substantial funds to repair known problems may not be an appropnate 
solutlon because essentially all of the equipment is at or is rapidly approachmg incipient failure For 
reliable, efficient operation, the solution IS probably to replace almost all of the equipment 

From the standpoint of a pnvate developer who is trylng to maximize a cash flow, the approach 
would be to repar only what is necessary to keep the plant m g  and replace equipment only when 
it fails As long as funds are avalable to repalr or replace equipment immediately upon failure, the 
approach could be acceptable Also, fiom the standpoint of a pnvate developer, the plants may be 
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oversized At the time of design, capacity was Included to permit a peaking operation to serve the 
lower part of the USSR Now that the peak load, at least for the near-term, is represented only by 
the Republlc of Georgla, the peaking capacity is probably not needed Operating fewer units at a 
station at a hlgher plant factor could well provide a better cash flow than operating as designed 

For the least-cost planning, the estimates reflect an early expenditure of h d s  to replace equipment 
rather than trying to repair what has been ldentlfied as needing repair at this time As such, the 
estimates are higher than previous estimates Although the concept slightly penalizes the projects 
by not phasing in costs to the extent possible, it is expected that the funds ldentlfied In this estimate 
will be needed In the near-term All costs include a contingency allowance of 10 percent In 
addition, many items that should be handled under an operation and maintenance program are not 
included in the capital estimates In most cases these items are less costly and not cnt~cal 

2 3 2 Est~mat~on of Energy Product~on 
The benefits accrulng to the rehabilitation efforts result from an Increase in energy The increase 
consists of two components, more efficient equipment and greater availability As an estimate of 
those benefits, the difference between the potential energy estimated at the tlme of design and the 
average of production over the last five years was used Actual annual production information is 
available for many of the plants for the last 12 years and average production esbmates for a 7-year 
penod (1 989- 1995) for all of the operating plants 

It is difficult to estimate accurately the incremental energy production and thus benefit that will 
occur as a result of rehabilitation because there are offsetting factors that can only be resolved by a 
thorough operation simulation 

On the one hand, the benefit is low to the extent lt Ignores hlgher efficiency of the new or 
refurb~shed equipment Also, the benefit is low to the extent it ignores continued detenoration of 
the units and thus decrease in energy production between now and when the rehabilitation IS 

completed 

On the other hand, the benefit IS high to the extent it uses the pnor approach of computing potential 
energy w ~ t h  monthly streamflow data and no forced or scheduled outages Uslng monthly flows for 
run-of-nver projects typically overestimates energy from three to ten percent Omittlng forced and 
scheduled outages can overestimate potential energy up to about seven percent on average 

The high and low factors were assumed to compensate each other after accounting for outage rates 
In the least cost plamlng model 

2 4 Assessment of the Engur~ Hydroelectr~c Project 
The Engun Project consists of two parts the Engun dam and appurtenant works In the Engun k v e r  
basin and an underground powerhouse, switchyard, and tailwater tunnel in the Entskall (Okuml) 
River basin The project was onginally conceptualized as a source of peak power for the inter- 
connected system of the USSR, however, it is currently operated as a base-load plant to meet the 
Georgia's winter requirements 
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The underground powerhouse is located in a cavern about 15 km to the southwest of the dam in the 
neighbonng Entskali hve r  basin The powerhouse contams 5 units with an aggregate capacity of 
1,300 MW Each un~t consists of a verhcal-shaft Francis turblne dlrectly connected to a synchronous 
generator The turbines were manufactured by TF Kharkov and are rated at 260 MW at a head of 
325 m The turbines operate at a speed of 250 rpm and have a rated hydraulic capacity of 90 rn3/s 
The generators were manufactured by Sibelectrotiazhmash and are rated at 306 MVA with a power 
factor (cosine cp) of 0 85 The power plant was placed in operation in 1978 

Engun Dam is a 271 5-m hgh double curvature arch dam that lmpounds the Jivadi Reservolr, whch 
has a total storage of 1,110 mlhon cubic meters (MCM) and a normnal active storage volume of 676 
MCM As a result of sediment deposition, the current active storage is estimated to be about 620 
MCM (ERI, 1998) A 9 5-m-diameter, 15-km long tunnel conveys water from the reservoir to the 
powerhouse, and a 3 2-krn tailrace tunnel discharges the turbined flow to Galls reservoir 

The general condition, rehabllitatlon requirements, and the cost of the rehabilitation was studied at 
the feasibility level for the European Bank for Reconstruction and Development m 1997/98 (EBRD 
1998) The information developed for that study is summanzed below for use in the least cost 
development plan model 

2 4 I General Cond~tron of the Engur~ Project 

The project is generally in poor condlbon The powerhouse cannot operate at full capacity or at the 
required level of reliability Complete rehabilitatlon is requlred For vanous reasons, some work on 
the dam was never finished, and in addition, the structures have suffered from neglect in recent 
years Due to the civil unrest in Abkhazia, installations were damaged or neglected when the 
expenenced operating staff was forced to leave the area Currently 4 of the 5 units can be operated 
up to 230-240 MW, they cannot be run at full capacity (260 MW) due to vibration problems The 
fifth u t  was taken out of operation several years ago and is partially dismantled Recommendations 
for the rehabilitatlon of the equipment were based in large part on observable condition of the 
dismantled Unit 3 

2 4 2 Rehabllltatlon Cost and lmplementatlon Schedule 
Urgent rehabilitation measures include the followng 

a Completely rehabilitate the instrumentation system for the arch dam to provide data needed 
for an analysis of the structural behavior of the dam Possible ramifications of adverse 
behavior include limiting reservoir filling rates or even restrictions on the reservoir level 

a Improve the dramage system under the dam to reduce hlgh uplift pressures 
a Survey, and perhaps remediate, internal erosion m the nght abutment and stabilization of 

rock faces on the dam abutments 
a Refurbish four of the seven low-level outlets m the dam 

Replace the steel stoplog to permit maintenance of the outlets 
Provide servomotors to permit better operation of the 12 spillway gates 
Modify the valves and valve chamber in the pressure tunnel to permit operation of valves 
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under high head and to reduce Inflow of groundwater 
a Grout the high-pressure tunnel to reduce leakage 
a Refurbish the closure valves at the upper ends of the pressure shafts 
a Do substantlal remedial work on the electro/mecharucal equipment, especially the rewinding 

of the generators and the renewal of the generator coollng systems 
Replace the control and command system equipment 

Replace clrcuit breakers and disconnect swltches 
Replace the turblne governors and provide a spare set of turbine guide vanes 
Replace much of the auxiliary electrical and general mechanical powerhouse equipment 

Less urgent but st111 important measures include the follow~ng 

Control leakage through currently sealed outlets 
a Renew the corrosion protection coatrng in the steel llnlngs on the surge chamber and pressure 

shafts 
Improve the HVAC equipment and the llghtlng In the powerhouse 
Treat cracks in the spiral casings and renew corrosion protection for the turblne and valves 

The cost of implementing the remedlal measures was taken directly from the feaslbllity study of 
rehabilitation (EBRD, 1998) The clvll costs were based on estunates of quantities of work required, 
as far as lt was possible to determine, and unit pnces obtalned for similar construction works The 
cost for electncal and mecharucal equipment were denved fiom Harza and suppliers data on prevlous 
delivenes to other large hydropower schemes 

Remedial works for Engun Dam, ~ t s  appurtenant works, and the pressure tunnel are estunated to cost 
$43 million, and the rebbishment of equipment and remedial civil works for the power station are 
estlmated to cost about $58 million for a total of $101 million A summary of the capltal costs by 
major cost item IS presented below 

Enguri Rehabilitation Costs 
(US$ million) 

Dam and Appurtenant Works $17 

Power Conduit $26 

Electncal Equipment $32 

Mechanical Equipment $10 

Swltchyard 

Total 

It is estlmated that the initlal remedlal works will require about three years to complete, and subject 
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to the results of sigruficant field studies, a second stage could require up to two more years The 
cntical path elements of the first stage rehabilitation include the low-level outlet works, the 
manufacture and installation of the spillway gate liftmg equipment, and the rewinding of the 
generators 

2 4 3 Ex~strng Generation and Antlc~pated Improvement 
The Engun Project was designed wrth an mstalled capacity of 1,300 MW, and it was anhcipated that 
the project would generate an average of 4,330 mllion lulowatt hours (GWh) Over the last twelve 
years (1986-1997), the average generation has been about 3,300GWh However, the trend is 
decidedly down and, as an example, over the last five years, the average production has been only 
about 2,600 G W y r  Because of the importance of the plant to the economy of Georgia, it is 
expected that the power plant wrll not be allowed to further detenorate Therefore, it is assumed that 
the mcrease m energy will be the difference between 2,600 GWh and the adjusted design output of 
4,070 GWh or 1,470 GWh/yr 

2 5 Assessment of the Vardn~l~ Cascade 
The Vardmli Cascade is a four-station development that receives water, for the most part, from the 
Engm powerhouse The cascade was ongmally formulated to funchon with the Engun Project in 
providing peak power to the southern part of the USSR through the interconnected transmission 
system 

The Vardmli I Project is located on the Entskali fiver at the Vardtllli Dam m the disputed Abkhazia 
area The powerhouse, located at the base of the dam, contains 3 umts with an aggregate capacity 
of 216 MW (also reported as 220 MW) Each umt consists of a vertical-shaft Kaplan turbine 
(double-regulated propeller m t )  directly connected to a synchronous generator The turbines were 
manufactured by TF Kharkov and are rated at 75 5 MW at a net head of 59 m The turbines operate 
at a speed of 187 5 rpm The hydraulic capactty of the turbine is reported to be either 132 m3/s or 
one-thrd of 425 m3/s, which is 142 m3/s The latter is selected as it matches the rated capacity for 
the given head and is the same as the rating for the Vardruli I1 -IV cascade The generators were 
manufactured by Sibelectrotiazhmash and are rated at 90 MVA wth a power factor (cosme cp) of 0 8 
The power plant was placed in operation m 1971 

Vardn~li Dam is a 57 5-m-hlgh earth and rock dam whch impounds the Gall Reservoir The 
reservoir has a total storage of 145 MCM and a nomnal active storage volume of 3 1 MCM (storage 
above the intake to the hydroplant) As a result of sediment deposition, whch apparently is 
occumg at a greater rate than anticipated at design, the current active storage is esbmated to be 26 
MCM 

Vardnilli 11-IV is a cascade that is located on an imgation canal fed from Galls Reservoir The 
cascade consists of 3 similar plants, each contaimng 2 equal-sized m t s  with a total capacity of 40 
MW The u t s  are reported to be bulb umts (honzontal-flow propeller turbine with the generator 
located inside a watertight houslng in the water passage) The hydraulic capacity of the plant is 425 
m3/s at a head of 12 m 
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2 5 1 General Condlt~on of the Vardn~l~ Cascade 

Vardnili I condition information was taken from EBRD (1998) Vardnili II-IV are located in the 
disputed Abkhazia area, and therefore, no accurate information exists concerning the condition of 
the plants or their equipment All three plants are reported as not in operation and "submerged " 

At the present time, only one unit is operating at the Vardnill I plant, and all of the 
electro/mechanical equipment needs work There has been subsidence of the nght bank of the 
tailrace channel which restricts the outflow from the station to about 300 m3/s In addition, there is 
a possibility that the spillway wall could be eroded and breached if the spillway is operated at high 
discharges for prolonged penods 

For Vardn~li II-IV, it is assumed that the ent~re electro/mechmcal plant must be replaced Not only 
1s the plant reported to be non-operational and submerged, but also, there is inforrnatlon that suggests 
that the onginal units were prototypes, expenenclng sigrzlficant operational problems and scheduled 
for replacement before the problems in the area began The condition of the civil features can only 
be guessed at, and therefore, an allowance of a percentage of the electro/mechanical equipment cost 
w ~ l l  be used to represent the cost of the civil rehabilitation 

2 5 2 Cost for Rehabllltatlon of Vardn~l~ I 

The total estimated cost to rehabilitate the Vardmll I project is $ 5 7 million distnbuted as follows 

Vardn~li I Rehab~litation Costs 
(US$ thousands) 

Repair to the spillway $750 

Repa~r to the tailrace channel $2,3 10 

Rehabilitate the powerhouse to $5,300 
include generator rehab, turbine 
runner and wicket gate replacement, 
lset of 220 KV circuit breakers, one 
220 MVA transformer, and 
rehabilitation of a 15 t gantry crane 
Total Estimated Cost $8,060 

2 5 3 Cost for Rehabllrtat~on of Vardnll~ Il-IV 

The cost for rehabilitating Vardnili II-IV was estimated on the basis of replacing all electr~cal, 
mechanical, and switchyard equipment and assuming that the associated civil rehabilitation would 
require additional hnds  equivalent to about 20 percent of the equipment cost The civil 
rehabilitation cost further assumes that no structural damage has occurred at the plant over the years 
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of abandonment The equipment costs fwZher assumes that the transmission line is essentially in 
worlung order and can be energized at minimum cost The estimated costs for rehabilitation of each 
of the plants is US $36 million Thls cost could be reduced substantially by installing only one u t  
and raising the plant factor to 50 percent 

2 5 4 lmplementatlon Schedule for the Vardn~ll Cascade 

The rehabilitation work will probably be done as a part of the first stage repar of the Engun Project, 
although rehabilitation before Engun is also attractive (EBRD, 1998) It is assumed that the work 
will be completed in three years to be completed at the same time as the rehabilitation of the 
generating facilities at Engun 

2 5 5 Exrst~ng Generation and Antlc~pated Improvement 

The 220 MW Varh l i  I plant was expected to generate about 470 G W y r  for a plant factor of about 
25 percent It is reported that over the 5-year penod 1993-97, the generation averaged 413 G W y r  
(only 1 u t  was in operat~on for some of that tlrne) For 3 years kom 1992 through 1994, reported 
generahon averaged about 485 G W y r  Thls means that the plant was operahng as a base load plant 
generahng whenever water was released fiom the Engun powerhouse Improvement to the plant wll 
allow the utilization of all of the Engun releases on a pealung basis The option would also exist to 
operate as a base load plant or a md-range plant due to the regulatmg capability of Galls Reservoir 

A operation analysis is needed for the combined Engun-Vardmli Cascade system The vanous 
stations should be operated to maximize whatever load-curve function is most needed, and the 
modifications and rehabilitation of the stations should be onented to meet the selected function 

As no system analysis has been performed, it is assumed that the benefit accruing to the 
rehabilitation of Vardnili I is reflected in the increased energy production for Engun and the 
potenbal for pealung at Vardmli Therefore, cost of the Varh l i  I rehabilitation is Included with the 
cost for Engun, and both plants are analyzed as one For the 3-plant cascade, the cost of 
rehabilitation will result in the generation of about 90 G W y r  at each plant based on the release 
from Vardmli I of 425 m3/s and a plant factor of 25 percent 

2 6 Assessment of the Jinvali Project 

The Jinvali Project is located on the Aragvi hve r  about 80 krn north of Tbilisi The project serves 
the purposes of electricity generation and water supply for the city of Tbilisi The cavern-type 
powerhouse is supplied from the Jinvali reservoir and contans 4 m t s  with an aggregate capacity 
of 130 MW Each m t  consists of a vertical-shaft Francis turbine directly connected to a 
synchronous generator The turbines were manufactured by TF Kharkov and are rated at 33 8 MW 
at a net head of 133 m The turbines operate at a speed of 429 rpm, have a rated hydraulic capacity 
of 29 m3/s, and are reported to operate up to a head of 179 m The generators were also 
manufactured by TF Kharkov and are rated at 38 MVA wrth a power factor (cosine 9) of 0 85 The 
power plant was placed in operat~on in 1985 
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Jlnvali Dam is a 102-m-high earth and rockfill dam, which drains an area of about 1,900 krn2 and 
impounds a reservoir wlth a total storage volume of 520 MCM and a nominal active storage volume 
of 370 MCM (storage above the intake to the hydroplant) As a result of sediment deposition, the 
current active storage IS estlmated to be about 360 MCM The powerhouse is connected to the 
reservoir by an 8 6-km high-pressure tunnel A 1 5-k m-long tail tunnel discharges the turblned flow 
into a supply canal 

2 6 1 General Condlt~on of the Jlnval~ Project 

The Jinvali project has been generating energy at about 80 percent of deslgn level, although the 
capacity is being restncted due to problems in the tailrace tunnel Two units are currently in 
operat~on and need repair, and two w t s  are out of operation Unless capaclty needs become evident, 
the operation as more of a base load plant probably is acceptable As the reservoir cannot be filled 
to design level because of the expropnatlon issues, a run-of- nver operat~on becomes even more 
reasonable Although the estlmate provlded allows for the rehabllltatlon of all four units and 
modifications to the tailrace tunnel, lt would be much more efficient to operate wlth two or three 
units, forego the optlon for peaking capacity, and operate at the current level allowed by existing 
conditions in the tailrace tunnel 

The major problems associated w~ th  the plant relate to the need to replace the runners for two units 
and all seals and bearings, rewind the generators, replace the control equipment, and replace many 
of the circu~t breakers and disconnect swltches 

2 6 2 Cost for Rehabllltatlon of Jlnvall 
Investment needs are estlmated as follows The civil costs are for reconstruction of the tailrace 
tunnel and construction of a water Intake and treatment facilities to provide for a supply to TbiIsl and 
Rustavi dunng the reconstruction 

Jlnvali Rehabil~tat~on Costs 
(US$ thousands) 

Civil Works $16,000 

Turbines and Governors $2,300 

General Mechanical $350 

Other Mechanical 

GeneratorIExciter 

General Electncal 

Main Power Transformers $700 
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Jlnvali Rehabllltatlon Costs 
(US$ thousands) 

Switchyard $50 

Spare Parts $450 

Total $22,900 

Implementation of the rehabilitation measures can be accomplished over a three year penod w~th the 
reconstruction of the tunnel as the cntical path The implementation process will Include design, 
bidding and award, concurrent manufacture of equipment and construction of the tunnel, and 
installation and start-up of equipment 

2 6 3 Exlstlng Generation and Antlclpated Improvement 

Over the penod 1986-1996, energy production has averaged about 350 GWhtyear, and over the last 
4 years, the average annual production has been about 420 GWh The increase over the last several 
years is unexplaned Assuming that the design-level production will be attamed as a result of the 
rehabilitation, it is estimated that the incremental average annual production will be about 150 
G W y r ,  the lfference between the design estmate of potentla1 production and the average over the 
reported 11 -year penod 

2 7 Assessment of the Khram~ I Project 

The K h r m  I Project is located on the K h r m  bver  approximately 130 km west of Tbilisi and was 
placed m operation m 1947 The project consists of a 32-m-high rockfill dam, twm 4 0-m-diameter 
tunnels each 7 5 km long, and three 2 4-m-diameter penstocks whch deliver water to an outdoor 
powerhouse that holds 3 vertical Pelton turbines and synchronous generators The Pelton turbines 
have an aggregate mstalled capacity of 113 MW at a net head of 370 m and operate at a speed of 273 
rpm The flow through each w t  IS 12 m3/sec The generators were manufactured by ASEA Sweden 
and are rated at 47 MVA w ~ t h  a power factor of 0 80 

The dam drams an area of 1,047 km2 and impounds a reservoir with a gross storage volume of 3 12 
MCM and an actlve storage capacity of 292 MCM Sediment IS not considered to be much of a 
problem at Khrami I as the active storage is estimated to have a useful life of about 50 years and 
thereafter diminish at a rate of 10 MCM every 10 years 

2 7 I General Condltlon of the Khraml I Project 
Based on three condition assessments over time, it is apparent that the equipment is detenorat~ng 
Over the last 12 years the trend line for generation is distinctly down, and the last 5 years have 

averaged only 80 percent of the 12-year average The efficiency of the turbines is decreasing, and 
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problems exist wlth cavitation and vibrat~on The general mechanical equipment needs selective 
repalr and replacement, and the hydraul~c equipment needs repair The electncal equipment appears 
to have more significant problems Two generators need repair, and much of the auxil~ary electncal 
equipment and some of the switchyard equlpment should be replaced 

The civil facil~ties also are deteriorating Based on the most recent inspection by Sakenergo, there 
are problems with seepage and the concrete lining of the power tunnel, minor improvements are 
requ~red at the headworks, and the roofs of all of the buildings must be replaced 

2 7 2 Rehabllltat~on Cost and lmplementat~on Schedule 

Investment needs are estimated as follows 

Khrami I Rehab~litation Costs 
(US$ thousands) 

Civil Works $650 

Turbines and Governors $2,000 

General Mechan~cal $400 

Other Mechanical $200 

General Electncal $3,200 

Main Power Transformers $2,200 

Switchyard $1,500 

Spare Parts $800 

Total $14,450 

I1 IS estimated that implementation of the rehabilitation measures will require about three years wlth 
the crit~cal path resulting from the manufacture and installat~on of the electncal and mechanical 
equlpment 

2 7 3 Exlstlng Generat~on and Ant~c~pated Improvement 

Over the penod 1989-1995, energy productlon has averaged about 226 GWWyear, and over the last 
4 years, the average annual productlon has been about 230 GWh Aggregate production at Khrami 
I and I1 shows a definite downward trend over the last 12 years and, therefore, it IS assumed that the 
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reliability of the plants are decreasing The nominal producbon from the plant was estimated to be 
3 17 G W y r  Assuming that the design-level production will be attalned as a result of the 
rehabilitation, is estlrnated that the Incremental average annual production will be about 87 G W y r  

2 8 Assessment of the Khram~ II Project 

Khraml I1 is located downstream of the Khrami I power station about 1 15 Ism west of Tbilisi The 
discharge fiom the Khrami I powerhouse together w th  additional inflow from the Khrami fiver 
and several tnbutmes provide the flow for Khrami I1 The Khraml I1 power station was 
commissioned in 1962 

The headworks consist of a non-overflow dam and spillway, a water intake, a silt ejector canal, a 
daily storage reservoir w th  a capacity of about 240,000 m3, a 13-km-long pressure tunnel, a surge 
shaft and valve chamber, a penstock, a rotary gate chamber, an underground powerhouse, a tailrace 
tunnel, and a 1101220 kV swtchyard The power station houses two 55 MW vertical shaft Francis 
turbines manufactured by LMZ operating at a rated head of 307 m and a rated discharge of about 21 
m31s The turblnes each dnve 68 75-MVA, 50-Hz generators manufactured by Electrosila The total 
mstalled capac~ty of the stahon is 110 MW, and the average annual energy generation was estmated 
to be 370 GWh and is dlrectly dependant of the operation of the K h r m  I project, whch hscharges 
to a daily storage reservoir that provides the flow to the powerstation The drainage area of the 
project is 1,420 krn2 

2 8 1 General Condition of the Khrami II Project 

Both turbines are expenmental and have suffered many problems since starting up cavitat~on at the 
guide-vanes, heating and destruction of the bush-bemngs, mstability, vibrations, and defective 
servomotors Both turbine and governor m t s  and most of the general mechamcal equipment 
associated with the turbine m t s  should be replaced The Inlet valves need refiubishrnent, and it is 
assumed that the powerhouse crane will need replacement as will the draft tube gates 

The electncal equipment should be completely refurbished including the general electncal 
components, the generators and exciters, and the main power transformers In addition, certain 
switchyard equipment should be replaced 

The civil features apparently are m fair to good condtion and, therefore, only a nominal amount is 
included for minor cntical repairs 

2 8 2 Rehabilitatron Cost and Implementation Schedule 

Investments are estimated as follows 
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Khrami I1 Rehab~l~tat~on Costs 
(US$ thousands) 

Civil Works $200 

Turblnes and Governors $3,400 

General Mechanical $2,400 

Other Mechanical $1,300 

Generator/Exclter 

General Electncal 

Main Power Transformers $900 

Sw~tchyard $1,000 

Spare Parts $1,000 

Total $16,180 

It is est~mated that implementation of the rehabilitation measures will require about two years with 
the cntical path resulting from the manufacture and installation of the electrical and mechanical 
equipment 

2 8 3 Ex~strng Generat~on and Ant~c~pated Improvement 

Over the penod 1989- 1997, energy production has averaged about 290 GWh/year and over the last 
4 years only 254 GWhlyr Aggregate production at Khrarn~ I and I1 shows a definite downward 
trend over the last 12 years and, therefore, it IS assumed that the reliability of the plant IS decreasing 
Assum~ng that the production will reach design level as a result of the rehabilitation, the anticipated 

additional production is estimated to be about 1 16 G W y r  

2 9 Assessment of the Ladjanurl Project 

The hydropower station Ladjanun is located to the north of Kutaisi in the upper basln of the &on1 
River The project consists of a diversion headworks to divert up to 60 m3/s From the Tskhenis- 
Tskali R~ver  to the Ladjanun bver ,  a 69-m-high arch dam, a 2 6 krn grav~ty-flow tunnel, an 
underground powerhouse, and a tailrace tunnel to the Ladjanun h v e r  The arch dam lmpounds a 
reservoir with a maxlmum capacity of 25 MCM and an act~ve capacity of 18 MCM that has been 
reduced to 4 5 MCM because of sediment deposltlon 

The powerhouse is located In a rock cavern and contains 3 vertical-shaft Francis turbines, each wlth 
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a shaft output of 38 6 MW at a rated head of 135 m and a rated hydraulic capacity of 33 8 m3/s The 
turbines were manufactured by Voith, Austna and operate at a nominal speed of 250 rpm The 
turbines are connected to synchronous generators, each with a capacity of 46 6 MVA at a power 
factor of 0 80 The 3-phase, 50 Hz generators were manufactured by Siemens Schuckert, Vienna 

The project has a dra~nage area of 1,681 km2 including the area behtnd the diversion on the Tshemc 
Tskhali fiver 

2 9 1 General Condlt~on of the Ladjanurl Project 

Umts 1 and 3 are operating Umt 2 is under repalr because of ~ t s  burned w~nd~ng The worlung w t s  
do not operate at full capacity due to vibration and stator insulation faults Erosion and cavitation 
are ev~dent on runners and w~cket gates, and excessive leakage occurs All of the turbines and 
go\ ernors have reached the end of then useful lives, and a major port~on of the general mechmcal 
equipment also needs repair or replacement The spherical valves need replacement, and the 
powerhouse cranes also need work 

The generators are onginal equipment, and stator winding repair is required because the windings 
have exceeded their normal hfe Most of the general electrical equipment such as the control system, 
station service, etc need to be replaced The generators for w t s  1 and 2 should be replaced, and 
umt 3 can probably be refurbished Sigmficant work is requlred on the transformer cooling systems, 
and both transformers should probably be replaced The general condibon of the smtchyard is poor, 
and substantial refiubishment and replacement is required 

The civil works are in fair condition, however, the traimng wall, dam piers, and tunnel l i m g  need 
repar A monltonng system for the arch dam is requ~red, and the Intake gates and cranes are m need 
of repair 

2 9 2 Rehabllltat~on Cost and lmplementat~on Schedule 

Cap~tal investment for the rehabilitation of the Ladjanm Project is esbmated as follows 

Ladjanurl Rehabllltatlon Costs 
(US$ thousands) 

C~vll Works $910 

Turbines and Governors $5,000 

General Mechamcal $2,500 

Other Mechan~cal $4,600 
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Ladjanurl Rehab~l~tat~on Costs 
[US$ thousands) 

General Electrical $3,100 

Main Power Transformers $1,300 

Switchyard $1,600 

Spare Parts $1,600 

Total $25,300 

It 1s est~mated that ~mplementat~on of the rehabilitation measures will requlre about two years with 
the cntical path resulting fiom the manufacture and installation of the electrical and mechanical 
equipment 

2 9 3 Exiistlng Generation and Antlclpated Improvement 

Over the penod 1991-1997, energy production has averaged about 330 GWhfyear compared w ~ t h  
the design estimate of 425 G W y r  Production at Ladjanun shows only a slight downward trend 
over the last seven years probably due to an observed strong commitment by the plant management 
to maintenance (Harza, 1996) Assuming that the production will reach design level as a result of 
the rehabilltation, the anticipated additional production IS estimated to be about 95 G W y r  

2 10 Assessment of the Gurnat~ I Project 

The Gurnati I Plant, cornrn~ssioned in1958, is the upper statlon in the chain of power plants located 
in the middle of the reach of the h o n l  Rlver that also includes Gumatl I1 and h o n i  The power 
plant is at the base of a 46-m-high concrete dam that impounds a reservoir with a capacity of 39 
MCM The reservolr has been filled with sedlment and currently operates as a run-of-nver facility 
(Sakenergo, 1998, Solomon, 1998) The project drains an area of 3,470 krn2 

The powerhouse building is integrated into the dam and contains 4 vertical-shaft Kaplan un~ts, 
manufactured by Tampella, Finland, with an individual shaft output of 11 5 MW at a rated head of 
24 5 m and a rated discharge of 53 5 m3/s The units operate at a speed of 251 rpm The 50 Hz 
generators were manufactured by Siemens Schuckert and have an aggregate capaclty of 55 MVA 
and a power factor of 0 80 

2 10 1 General Cond~t~on of the Gumat~ I Project 
The plant is 40 years old and in need of major rehabilitation The siltation of the reservoir requires 
that the plant currently be operated as run-of-nver Sakenergo suggests that about one-third of the 
sed~ment be removed fiom the reservolr to restore the station's peaking capacity The disposition 
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of ths  sedlrnent is not discussed For h s  study ~t is assumed that the reservoir clearung will be done 
and that the station and the downstream two stations of the cascade, Gumati I1 and Rom, will retain 
their capability to operate as peaking plants 

The condition of the turbines is such that all three umts will need extensive refurbishment and the 
governors will need to be replaced In addition, most of the general mechamcal equipment , intake 
and draft tube gates, and the powerhouse crane will require work 

The generators required that the core and stator windings be replaced and that most of the general 
electncal equ~pment Including controls also should be replaced In the switchyard, the main power 
transformers and breakers should be replaced in addition to repair and refurbishment of the other 
equipment 

The civil repair w~ l l  consist of replacing gates and hoists at the dam, replacing the trash rake, 
repainng the splllway gates, repanng concrete, and minor building repainng to improve the safety 
of the station In addition, an allowance has been taken fi-om the Sakenergo estlrnates to prov~de for 
the partial cleaning of the reservoir 

2 10 2 Rehabllltat~on Cost and lmplementat~on Schedule 

The cost to rehabil~tate the Gumati I station is presented below 

Gumat~ I Rehab~l~tat~on Costs 
CUSS thousands) 

Civil Works $3,900 

Turbines and Governors $6,500 

General Mechmcal $1,900 

Other Mechamcal 

GeneratorIExciter 

General Electrical $1,300 

Main Power Transformers $1,800 

Switchyard 

Spare Parts 

Total $2 1,400 
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It IS estimated that implementation of the rehabilltatlon measures will require about two years wlth 
the cntical path resulting from the manufacture and installat~on of the electrical and mechanical 
equipment 

2 10 3 Exlsting Generation and Antlc~pated Improvement 

Over the penod 1989- 1995, energy production has averaged about 155 GWhIyear as compared to 
the deslgn estimate of 255 GWhIyear Dredglng of the reservoir to provlde for peaklng storage will 
result in the capability to operate in a full pealung mode and to generate at the design estimate level 
Assuming that the production will reach design level as a result of the rehabilitat~on, the anticipated 

additional production immediately after rehabilltation is estimated to be about 100 GWhfyr 

2 11 Assessment of the Gumat~ II Project 

The Gumatl I1 hydro station IS located in the middle part of the k o n l  River below Gumati I The 
station is located at the end of a 1 8 km open canal The inflow to the power plant consists of the 
discharge from Gumati I 

The power plant is the terminal facllity of the canal, and it contains three vertical-shaft Kaplan 
turbines manufactured by Voith of Austna and generators manufactured by Seimens Schuckert of 
Austria The turbines each dellver 8 0 MW at a rated head of 12 9 m and a rated discharge of 71 5 
m31s The turblnes operate at a speed of 1 15 rpm The 50 Hz generators have a total capacity of 28 5 
MVA and a power factor of 0 80 The station began operation m 1956 and was designed to generate 
an average of 138 GWh annually 

2 I 1  1 General Condlt~on of the Gumatl II Project 
The machinery IS in poor condition and needs refurbishment The turbines need complete 
rehabilltation as there is slgnlficant water leakage and damage caused by wear from water-borne 
sediments, and the wicket gates are in a state of disrepair The gates and hoists are in need of repair 
The generators need reconstruction due to defects in the wlndlngs, and all the generator voltage 

regulators are out of order A new control system is needed, and the power switches need to be 
changed Llttle ~nformation is given on the sw~tchyard, but it is assumed that the circult breakers 
need to be replaced 

As for all of the plants, the buildings need repair In addition, repair is needed for the cranes and 
trash rakes, and some concrete work is required 

2 I 1  2 Rehabllltation Cost and lmplementatlon Schedule 

It IS estimated the rehabilitatlon costs will be as follows 
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Gumat~ I1 Rehabllltatlon Costs 
(US$ thousands) 

Civil Works $2,000 

Turbines and Governors $5,400 

General Mechamcal $1,800 

Other Mechanical $1,200 

General Electrical $1,100 

Main Power Transformers $800 

Switchyard $2,100 

Spare Parts 

Total 

It is estimated that lrnplementation of the rehabilitation measures will requlre about two years with 
the cntical path resulting fi-om the manufacture and installation of the electncal and mechan~cal 
equipment 

2 I I 3 Exlst~ng Generation and Antlc~pated Improvement 

Over the penod 1989-1997, energy production has averaged about 95 GWh/year compared with the 
design estlrnate of 138 G W y r  Assurmng that the production will reach design level as a result of 
the rehabilitation, the anticipated adchhonal production mechately after rehabilitation is estimated 
to be about 43 G W y r  

2 12 Assessment of the Rlon~ Project 

The fioni Project 1s a run-of-nver hgh head power plant located ~n the Kutaisi regon on the &om 
fiver It is the most downstream station of the three-plant cascade that also includes Gumati I and 
I1 It was put into operation m 1927 (also reported as 193 1, 1933, and 1934) and was the first 

operating plant in the cascade The project drains an area of about 3,500 krn2, and the average 
discharge of the nver at the site is about 157 m3/s 

The project consists of a 19 5-m hgh concrete d~version dam unpounding a reservoir with an active 
storage of 3 MCM, a water intake on the left bank of the nver, a 4-krn-long gravity-flow tunnel, a 
5-km-long canal, and a penstock to an outdoor powerhouse The tunnel reportedly has a capaclty 
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of 100 m3/s, wh~le  the canal has a capaclty of 84 m3/s There is a small storage pond at the lower 
end of the canal wlth a capaclty of less than 1 0 MCM which provldes storage for four hours of 
generation 

The powerhouse contains four vert~cal-shaft Francls turblnes and synchronous generators The 
turblnes dellver 12 5 MW each at a rated head of 60 m and hydraulic discharge of 25 m3/s The un~ts 
operate at a speed of 300 rpm and were manufactured by "Elektroslla" of St Petersburg The 
generators have a total capaclty of 61 25 MVA and a power factor of 0 80, they were also 
manufactured by "Elektros11a"of St Petersburg 

2 12 I General Cond~tlon of the Rlonl Project 

Two of the turbines were rehrblshed In 1994 uslng Russ~an parts under and EBRD loan The 
remaining two turbines require the same type of refurb~shrnent, whlch cons~sted of replac~ng the 
runners and the servo motors of the butterfly valves Because of age, much of the general 
mechanical facilities should also be replaced The splllway gates, Intake gates, and the intake and 
draft tube gates and the trashracks at the powerhouse should be rehrbished 

The stator wlndlngs and exciters and the stator cooling systems should be replaced In addit~on to 
repairs for the auxiliary electrical equipment, a modem control system should be installed as well 
as the emergency power source The switchyard was totally rehabilitated In 1994 (EBRD, 1994) 

In the civil area, the penstock should be restored and the canal and tunnel lining repalred 
Construction of a new small hydro plant at the dam is not included in the rehab~litatlon evaluation 

2 12 2 Rehabll~tatlon Cost and lmplementatlon Schedule 

Investments are estimated as follows 

Ron1 Rehab~litation Costs 
[US$ thousands) 

CIVI~  Works $1,900 

Turblnes and Governors $2,200 

General Mechanical $2,100 

Other Mechan~cal $4,400 

GeneratortExciter 

General Electncal 

Maln Power Transformers -0- 
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&on1 Rehabllltatlon Costs 
(US$ thousands) 

Switchyard -0- 

Spare Parts $1,000 

Total $16,700 

It is estimated that implementation of the rehabilitation measures will requxe about three years wth 
the cntical path resulting fiom the manufacture and installation of the elechcal and mechanical 
equipment 

2 12 3 Exlstlng Generation and Antlclpated Improvement 

Over the penod 1989-1 995, energy production has averaged about 248 G W y e a r  as compared to 
the design-level estimate of 325 G W y r  Assuming that the production will reach design level as a 
result of the rehabilitabon, the anticipated adltional producbon IS estunated to be about 77 G W y r  

2 I 3  Assessment of the Vartsike Cascade Project 
The Vartsike Cascade was built along the stretch of the Rom Rver to the south of Kutaisi and 
downstream from the Gurnati-Roni Cascade The cascade stations came on line in 1976, 1978, 
1980, and 1988 The project consists of a 20-m-hgh diversion dam and spillway across the honi  
hve r  that dlverts a rated flow of 350 m3/s into a 27-km-long canal that serves four powerhouses 
The powerhouses are identical in features and layout and are spaced along the canal as dictated by 
the topography The dam impounds a reservoir wlth a capacity of about 14 MCM, however, as of 
1997, it was essentially filled with sediment (Solomoma 1998) 

Each powerhouse contains two Kaplan turbine/generator sets The turbines are each rated at 23 8 
MW at a rated head of 14 9 m and a rated discharge of 175 m3/s The generators are rated at 28 75 
kVA with a power factor of 0 8 The w t s  operate at a speed of 11 5 rpm and were manufactured 
"TF" Khrarkov 

The total capacity of the cascade is 184 MW and the energy potential is 1,000 GWh/yr 

2 13 I General Condltlon of the Varts~ke Project 
In addition to the mechanical and elechcal equipment rehabilitation that might be expected, at the 
Vartsike Cascade, a significant amount of civil work also is required T h s  need stems fi-om the 
construction operation whch was done to meet a five-year plan deadllne and resulted in certain of 
the works being omitted, started but not fimshed, or not constructed according to specifications 
Mechmcal rehabllitabon is focused on upgrading the auxiliary equipment, whle the electncal work 
would be concentrated on unit upgrades 
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Both units are operable The centering beanngs have excessive clearance, the working blades are 
corroded, and there IS cavitation damage at the inlet frames The seals are in poor condition resulting 
in the contamination of the area 

Vartsike I1 

Both units operate at a partial load In both of the turbine wells, there is excessive oil leakage 

Vartsike I11 

Unit 6 is not operatrng due to stator damages Urut 5 operates at full load Again, there IS excessive 
oil leakage 

Vartsike IV 

Both unlts operate at different loads One unit operates with a noise caused by cavitation It IS 

possible that there is no rotor-runner correspondence After eight years of the turblne operation, its 
condition is still good 

The mechanical rehabilitation will require the refiublshrnent of all the turbines and the replacement 
of all governors Certain of the units will require new runners or at least new blades Wicket gates 
and other minor features also will need to be replaced Valves, air compressors, pumps, and an oil 
punfier also are required 

On the electrical side, all of the generators should have new windings and the station batteries, and 
all motors should be replaced Some of the circuit breakers and disconnect switches also should be 
replaced 

In the civil area, the collapsed downstream trairung wall and the canal lirung must be repaired The 
canals need cleaning to permit operation at rated output, and the emergency overflow splllway 
structures that are missing on the power canal should be constructed Powerhouse repair and other 
minor repairs are required 

2 13 2 Rehabll~tat~on Cost and lmplernentat~on Schedule 

The estimated rehabilitation costs are as follows 

Vartsike I-IV Rehab~litation Costs 
(US$ thousands) 

Civll Works $13,000 
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Vartsike I-IV Rehabilitation Costs 
(US$ thousands) 

Turbines and Governors $17,000 

General Mechanical $2,000 

Other Mechanical $3,700 

General Electncal $3,000 

Main Power Transformers $2,000 

Switchyard $2,000 

Spare Parts 

Total 

It is estimated that implementation of the rehabilitation measures w l l  reqmre about three years with 
the cntical path resulting from the manufacture and installation of the electrical and mechanical 
equipment 

2 13 3 Exlst~ng Generat~on and Antlc~pated Improvement 

Over the penod 1986-1997, energy producbon has averaged about 700 GWyear as compared to the destgn- 
level esbmate of 1,000 G W y r  Over the last five years, the producbon has about equaled the longer-term 
average suggestmg that the stahon is not yet detenoratmg at a drasbc rate Assurmng that the producbon w11 
reach design level as a result of the rehabilltabon, the anbcipated addihonal producbon will be about 300 
GWhfyr 

2 14 Assessment of the Shaor~ Project 

The Shaon Hydro Project, commissioned in 1955, is located in the upper catchment basin of the 
h o n i  &ver and has an installed capacity of 38 4 MW It is the upstream station in the 
interconnected Tlubuli-Shaon system The water utilized by the power plant comes fiom the Shaon 
and Sharaula hvers and is released into the Mukhnan Fbver whch provldes the inflow to the Tlubuli 
Project The project facilities Include a 14-m-hgh dam, an mtake, a 1 3-km pressure tunnel, and two 
2 9-km-long penstocks that each bifurcate to serve 2 u t s  in an outdoor powerhouse The imtial 
reservoir capacity was 90 MCM and may now be about 68 MCM The powerhouse is located on 
the Mukhnan Fhver and contains 4 vertical-shaft Kaplan turbines which each deliver 10 MW at a 
head and flow of 478 m and 2 45 m3/s respectively The generators are rated at 50 Hz, 12 MVA and 
have a power factor of 0 8 The turbines were manufactured by San-Giorgio of Italy and the 
generators by ASEA of Sweeden 
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2 14 I General Condlt~on of the Shaor~ Project 

According to Sakenergo, it IS necessary to repalr the headrace tunnel, and to make t h ~ s  repalr, ~t IS 

necessary to construct a new water supply system for the Tlubuli industnal system which IS served 
from thls system In add~tion, some dam reconstruction and sptllway repalr IS requ~red In addition, 
certaln of the outlet facil~ties need repair as do the power conduits 
Mechan~cal rehabil~tat~on will consist of the refiub~shment of the turbines Including the replacement 
of the governors, speed regulators, thrust bemngs, and spherical valves 

On the electncal side, all of the stator windings will be replaced as will the voltage regulators, 
emergency power supply, wire and cable, temperature control system, circuit breakers, and 
disconnect sw~tches All of the main power transformers need replacement, and a new control 
system should be installed 

2 14 2 Rehabrl~tat~on Cost and lmplementatron Schedule 

The estimated rehabilltation costs are as follows 

Shaor~ Rehab~litation Costs 
(US$ thousands) 

CIVII Works $3,700 

Turbines and Governors $5,000 

General Mechanical 

Other Mechanical 

General Electncal $1,100 

Main Power Transformers $1,800 

Switchyard 

Spare Parts 

Total 

It IS estimated that implementation of the rehabilitation measures will require about three years w ~ t h  
the cntical path resulting from the manufacture and ~nstallation of the electncal and mechanical 
equipment 
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2 14 3 Exlstlng Generation and Antlc~pated Improvement 

Over the penod 1993-1997, Sakenergo is reporting energy production of about 145 GWhlyear as 
compared to the design-level estimate of 148 G W y r  The rehabilitation will have as its pnmary 
goal to continue generating at the near-design rate 

2 15 Assessment of the Tklbul~ Project 

The Tlubuli Project is the downstream plant of the mterconnected Shaon-%bull stations As such, 
it is supplied from the discharge of the Shaon Station The Tlubuli Rver flow formerly disappeared 
mto a slnk hole, but an earth dam was constructed to prevent it from flowing into the sink hole and 
instead impounds the water m a reservoir with a gross capacity of 82 MCM 

The reservoir is impounded by a 37-m-hlgh dam Water at the dam is diverted through an intake, 
a 32-m-long conduit, a 48-m-long inclmed shaft, a 3 5-km-long low-pressure tunnel, and a 525-m- 
long penstock to the powerhouse The powerhouse contams 4 Francis turbmes each rated at 21 MW 
at a rated head of 3 10 m and a rated discharge of 8 5 m3/s The units operate at a speed of 600 rpm 
The synchronous generators have an individual capacity of 25 MVA wth  a power factor of 0 80 for 
an installed capacity of 80 MW The turbines were manufactured by Voith, Austna, and the 
generators by AEGISiemens Schuckert The project began operation in 1956 

The reservoir drains an area of 2 12 km2 taklng into account the area of the Shaon Project It was 
designed wth  an active storage capacity of 65 MCM and, based on Solornoma (1998), the nominal 
active storage capacity still is available 

2 15 1 General Condlt~on of the Tklbul~ Project 

In 1996, Harza reported that the station was in fa r  condition but that considerable mechmcal and 
electncal rehabilitation was required to extend the project life Sakenergo reports that in 1998, the 
station condition was unsatisfactory and a technical upgrade was necessary 

It will be required to replace the turbine runners, seals, wcket gates, beanngs and governors plus 
much of the general mechmcal equipment On the electncal side, all generator windings will be 
replaced as will the controls, motors, and wire and cable The main power transformers will be 
refurbished, and work will be done on the switchyard 

The civil activities include repairs to the access roads, powerhouse roof, the power supply to the 
intake structure, and the power tunnel limng An admimstration building and the relocation of the 
oil facility also are needed 

2 15 2 Rehabllltatlon Cost and lmplementatlon Schedule 
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Capltal investment for the rehabilltation of the Tkibuli Project is estimated as follows 

Tkibuli Rehabilitation Costs 
(US$ thousands) 

Clvil Works $4,200 

Turblnes and Governors $3,800 

General Mechanical $1,600 

Other Mechanical 

Generator/Exciter 

General Electrical 

M a ~ n  Power Transformers $1,200 

Swltchyard $1,900 

Spare Parts 

Total 

It IS estimated that implementat~on of the rehab~litatlon measures will require about three years wlth 
the cntical path resulting from the manufacture and installation of the electncal and mechanical 
equipment 

2 15 3 Exist~ng Generat~on and Ant~clpated Improvement 

Over the penod 1989- 1995, energy production has averaged about 160 GWh/year compared with 
the design estimate of 165 G W y r  Over the last three years, the average production has dropped 
to about 125 GWh/yr suggesbng that the lack of funds and the age of the equipment is takmg its toll 
Assuming that the production w ~ l l  reach design level as a result of the rehablhtation, the anticipated 
additional production is estimated to be about 40 G W y r  

2 16 Assessment of the Zahes~ Project 
The Zahesi Project is a run-of-nver, low head power plant located on the Mtkvan River 15 krn to 
the north of Tbilisl The project drains an area of 20,800 km2 It consists of a 24-m-high dam and 
a 3-bay gated spillway across the Mtkvan hver ,  a diversion canal leading to a gated intake for a 3- 
km-long headrace channel, and powerhouse intake that delivers water to 6 penstocks, which In turn 
supply the 6 turbines The six turbines are compnsed of four Francis turbines, wh~ch were put into 
operation tn 1927, and two Kaplan turbines, which were added in 1945 The installed capacity IS 
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The Francis turblnes each are rated at 3 4 MW at a head of 20 m and a discharge of 21 m3/s and were 
manufactured by Nolmaer, MunkhenILMZ of St Petersburg The Kaplan turbines have a capacity 
of 12 5 MW each, have the same rated head as the Francis turbines, and have a hydraulic capacity 
of 75 m3/s The Kaplan units were manufactured by LMZ of St Petersburg 

The 4 generators connected to the Francis turbines each are rated at 4 MVA, and the two connected 
to the Kaplan turbines are rated at 15 MVA, both operate at a power factor of 0 80 All of the 
generators were manufactured by Electrosila of St Petersburg 

2 16 I General Cond~t~on of the Zahes~ Project 

The replacement requirements for the turbines are somewhat confus~ng as there appears to be 
conflicting information fiom the three sources (TACIS, iCee, and Sakenergo) The following 
condition assessment and rehabilitation is assumed 

The Kaplan units were refurbished with Russian parts in 1989 and are still in acceptable condition 
Two of the Francis units should be replaced, and two new Francis turbines have already been 
replaced The existing governors are reported to be m good condition, and all auxiliary devices are 
in very good condition 

Four generators are required to match the new turbines The output of the new generators will be 
16 MW rather than the initial 12 8 MW based on the increase in efficiency of the turbines The 
refurbished generators connected to the Kaplan turbines will have a capacity of 28 MW rather than 
24 MW resulting in a revised capacity for the station of 44 MW rather than 36 8 MW All controls 
and metenng circuits operate and are connected to the central control panel The disconnect 
switches, circuit breakers, wire and cable, and other miscellaneous parts should be replaced The 
main power transformers also need replacement, although some of them may already have been 
replaced 

The headrace channel is m need of re lmg,  the trashracks need refurbishment and a cleatung device, 
and the powerhouse intake gates and hoists need repair 

2 16 2 Rehabllltat~on Cost and lmplementat~on Schedule 

Capital investment for the rehab~litation of the Zahesi Project is estimated as follows 

Zahes~ Rehabllltat~on Costs 
(US$ thousands) 

Civil Works $5,000 

Turbines and Governors $2,500 
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Zahes~ Rehab~litation Costs 
<US$ thousands) 

General Mechanical $1,600 

Other Mechanical $600 

General Electrical $1,600 

Main Power Transformers $1,400 

Switchyard $1,100 

Spare Parts $700 

Total $16,100 

It is estimated that ~mplementation of the rehabllltation measures will require about three years with 
the cntical path resulting from the manufacture and ~nstallation of the electrical and mechanical 
equipment 

2 16 3 Exlstrng Generatron and Ant~c~pated Improvement 

The potentla1 energy generation at the Zahesi Project is reported to be 2 10 G W y r  whch computes 
to a plant factor of about 62 percent Over the last 5 years, production has averaged about 150 
GWh It is expected that with rehabilitation, the capability of the plant will increase to 44 MW and 
that the energy production will at least reach the onginal design level of 210 GWhfyr 

2 17 Assessment of the Ortachala Project 

The Ortachala Hydro Project is located In the southern outskirts of Tblisl and IS a part of a hydro- 
complex on the Mtkvan b v e r  The dramage area of the project is 21,100 km2 It operates as run-of- 
nver and has an installed capacity of 18 MW and a potential to generate an average of 90 G W y r  
The station was put into commission in 1954 

The project consists of an integral intake powerhouse which forms the b m e r  across the nver and 
contains three vertical-shaft Kaplan turblnes direct connected to synchronous generators The 
turblnes each deliver 6 3 MW at a rated head of 10 m and a flow of 75 m3/s The units operate at a 
rated speed of 125 rpm The unlts were manufactured by LMZ of St Petersburg 

The generators are each rated at 7 5 MVA with a power factor of 0 80 and were manufactured by 
LMZ of St Petersburg 
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2 17 1 General Condrtlon of the Ortachala Project 

The project is almost 45 years old, and the equipment is in need of refurbishment Oil and grease 
from the wlcket gate are constantly washed into the nver The runners are in poor condition, as a 
result of considerable oil leakage on the runner hubs, it is necessary to block the blades in an open 
state It is assumed that the turbines and governors will be completely refurbished and that much 
of the general mechanical equipment will be replaced 

The generators probably should be refurbished because of the age of the units The exciters are 
identified as needing replacement A new control system is needed, and the switchyard equipment 
including the power transformers need replacement 

In the civil area, the spillway gates and hoists need repair, and minor building repair work also is 
necessary 

2 17 2 Rehabrlrtat~on Cost and lmplementatron Schedule 

Capital investment for the rehabilitation of the Ortachala Project is estimated as follows 

Ortachala Rehabil~tat~on Costs 
(US$ thousands) 

Civil Works $700 

Turblnes and Governors $5,400 

General Mechmcal 

Other Mechanical 

General Electrical $1,000 

Main Power Transformers $600 

Switchyard $1,500 

Spare Parts 

Total 

It is estimated that implementation of the rehabilitation measures w11 require about two years wlth 
the cntical path resulting from the manufacture and installation of the electrical and mechanical 
equipment 
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2 17 3 Existing Generation and Anticipated Improvement 

Over the penod 1989- 1995, energy production has averaged about 66 G W y e a r  compared with the 
design estimate of 90 G W y r  Over the last 5 years, the average production has dropped to about 
40 G W y r  although the trend was increasing Assurnlng that the production will reach design level 
as a result of the rehab~litation, the anticipated additional production is estimated to be about 50 
G W Y ~  

2 18 Assessment of the Atshesh~ Project 

The Ateshi Project is located on the Adzans Rver  about 40 km east of Baturni The project drains 
an area of 1,470 km2 and has been operating slnce 1937 It consists of a dam, a 2 9-km-long pressure 
tunnel, and a short reach of penstock to deliver water to an outdoor-type powerhouse 

The powerhouse contains 2 units w ~ t h  an aggregate capacity of 16 MW Francis turbines deliver 8 4 
MW at a rated head of 44 m and a discharge of 32 m3/s The umts operate at a speed of 250 rpm and 
were manufactured by LMZ of St Petersburg 

The 50 Hz generators have each have a rated capacity of 10 MVA with a power factor of 0 80 The 
generators also were manufactured by LMZ of St Petersburg 

2 18 1 General Condition of the Atsheshi Project 

The units are in fair cond~tion but are more than 60 years old As such, major refurbishment 1s 
required Sediment In the water requires the replacement of runners very frequently, perhaps as 
often as every six years 

One generator was damaged from running at a low frequency, and both should be rehrblshed A 
control system should be added, an emergency power supply is required , powerhouse lighting must 
be repalred, and most of the other general electrical components need repalr The switchyard needs 
complete refurbishment 

No specific information is provided for the c1v11 rehabilitat~on requirements, and ~t is expected that 
the spillway gates and hoists and the power tunnel Intake require substantla1 work 

2 18 2 Rehabilitation Cost and Implementation Schedule 

Capital investment for the rehabllitation of the Atsheshi Project is estimated as follows 

Flnal report 
Appendix 4 2-30 September I998 



Georgia Electricity Sector Least Cost Development Plan 

Atsheshi Rehabil~tation Costs 
(US$ thousands) 

Civil Works $2,000 

Turbines and Governors $1,700 

General Mechmcal $600 

Other Mechamcal $100 

General Electrical $1,000 

Main Power Transformers $1,100 

Switchyard $1,500 

Spare Parts 

Total 

It is estimated that lrnplementation of the rehabilitation measures wl l  require about two years with 
the cntical path resulting fi-om the manufacture and installation of the electncal and mechanical 
equipment 

2 18 3 Ex~stlng Generation and Antlc~pated Improvement 

Over the penod 1986-1 997, energy production has averaged about 67 G W y e a r  compared with the 
design estimate of 97 G W y r  Over the last 5 years, the average production has dropped to about 
62 GWhlyr suggesting that the lack of funds and the age of the equipment is taking its toll 
Assuming that the production wl l  reach design level as a result of the rehabilitation, the anticipated 
additional production is estimated to be about 35 GwWyr 
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3 ASSESSMENT OF PROPOSED PROJECTS 

Evaluations exist for several hundred proposed projects in Georgla The Mimstry of Fuel and 
Energy Identified 190 possible small hydro projects totallng about 1,300 MW distnbuted throughout 
20 regions in Georgia TACIS (1994) reported technical mformat~on obtained fiom Sakenergo for 
200 mcro, small, and large hydropower plants In addition, there are more detsuled studies available 
for larger projects on both the Engw and Bani Rtvers 

The more detaled evaluations are avalable for the larger projects that were conceptualized as a part 
of the supply for the southern USSR (for example the Khudonl Project and other more upstream 
projects on the Engun fiver) Many of the evaluations are of a preliminary nature and consist of 
the identification of a hydropower potential based on a map survey, installed capacity based on 
average streamflow and available head, and parametnc estimates of cost 

The ongmal work plan to select a lmted number of projects for inclusion In the least cost p l m g  
that were considered to have a reasonable chance of bemg Implemented w t b  the development plan 
t~me  frame called for a review of the proposed economic results of each project As none of the 
supplied infonnation addressed either the economic or financial viabihty, assistance was obtained 
kom local sources to provide current thnlung on the development of hydro projects As a result, 
a senes of projects were ~dentified for which updated estimates of cost were developed 

Costs for the proposed projects were updated depending on how much infonnation was available 
For project descnptions that included some detal on matenals quantities, the unit pnces were re- 
estimated and new costs prepared The m t  pnces are meant to reflect international rates for 
matenals and equipment and shlled construction labor and local rates for unskilled labor 
Generating equipment costs were re-estimated using expenence data representative of current 
estimates for lower-cost manufacturers There is some caution necessary m ths  assumption as any 
bilateral loans or grants might require the purchase of equipment m the donor country rather than 
on the open market 

For project descnphons that did not mclude any substantial detal on the estmated costs, the updated 
costs were estimated on a parametnc basis using expenence data and the costs developed for the 
projects mentioned above 

The estimates of average annual and monthly energy production presented with the project 
descnptions was generally accepted The hydrologic information made available, if any, with the 
project descnptions was inadequate to properly assess production Limited evaluation of the 
estimation process suggests that the estimates are slightly high The estimates are usually based on 
monthly streamflow data whlch, whle acceptable for a storage project, would usually provide hgh 
estimates for any run-of-nver projects In addition, there is no mention of any allowance for 
scheduled and forced outages nor for transmission losses 

A description of the potential projects is presented in the followmg sections Data Input for the least 
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cost development plan model are presented In Table 3 1 

3 1 Engur~ Rlver Hydroelectr~c System 

The Engunn k v e r  IS probably the most prolific nver In the country and has a h ~ g h  potentla1 for 
hydroelectric development The Engun f iver  onglnates at the Ukhvan and Shkhara glaciers on the 
southern slope of the Main Caucasus Range There are 174 glaciers wlth a total area of 3 15 krnz 
wlthln the 4,060 km2 drainage area In addltion to the exlstlng Engun Project, six other projects 
have been Identified the Khudonl Project, whlch has been partially completed, and the Cher~, 
Jorkvall, Lukha, Dizi, and Lakhamula Projects The Chen and Jorkvall Projects are considered to 
be the first pnonty and are discussed below 

3 1 I Khudon~ Hydroelectr~c Project 

The Khudonl Project is located on the Engun fiver about 32 krn upstream fiom the Engun Project 
The onginal concept called for a 201-m-high arch dam impounding a reservolr of 364 MCM to 
deliver water to an underground power plant w ~ t h  an Installed capacity of 700 MW One descnption 
called for water transfer works to dlvert water from the Lekhara h v e r  to the reservolr The 
Khuldon~ Project was onginally estimated to cost 464 mllllon rubles including 360 million for 
construction works and 104 million for access roads, site preparatlon, and envlronrnental rnlt~gat~on 
The drainage area and the average annual runoff at the Khuldom Dam are estimated to be about the 
same as for the Engun Dam, which drams an area of about 3,170 krn2 and has an average annual 
d~scharge of about 155 m3/s 

In 1979, constructlon of the Khudon~ Project was begun In 1989, constructlon was halted due to 
concerns about the stablllty resulting from the 1988 earthquake centered in Armenia and oppos~tlon 
fiom env~ronmental groups When construction was stopped, about 45 percent of the construction 
act~vlties had been completed 

As a result of extensive re-analysis, a modlfied concept was formulated which called for a 170-m- 
hlgh dam (a reduction of 3 1 m), impound~ng a reservolr of 230 MCM to deliver water to a 638 MW 
powerhouse The project arrangement was kept about the same an arch dam, a 3-level intake 
dellvenng water through a 3-barrel 284-m-long pressure tunnel to 3 penstocks which del~ver the 
water to the powerhouse The underground powerhouse would contaln three equal-slzed Francis 
turbines directly connected to synchronous generators The units would have a hydraulic capaclty 
of 163 m3/s at a head of 15 1 m The unlts were estimated to produce an average of 1,445 GWh per 
year for a plant factor of about 26 percent 

The onglnal concept of the project was to supplement the peaklng power from Engun and 
Perepadnaya I-IV for the southern sectlons of the USSR The current plans call for selling all 
surplus energy to the neighbonng countnes 

Based on an analysls of several years of daily streamflow for the Engun fiver,  it appears that the 
estimated production for the Khuldonl project IS acceptable The unlts are sized for a peaklng 
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operation and, as such, can accommodate essent~ally all of the streamflow entenng the reservoir 
With an active storage of about 80 MCM, the reservoir can do little more than provide for weekly 

regulation, however, because the hydraulic capacity of the plant is about 3 times the average annual 
runoff and about 25 percent greater than the maxlmurn monthly average runoff, little storage is 
requlred Additional studies w11 be requlred to show that a market exists for the peakmg capabil~ty 
provided by the Khudom Project 

The cost to complete the Khudom Project to a capacity of 638 MW is estimated to be $338 million 

3 I 2 Cherr Hydropower Project 

The Chen Hydroelectnc project will consist of a 60-m-hgh rockfill dam with a tunnel spillway, 
pressure tunnel surge shaft, penstocks, underground powerhouse, and tallrace tunnel The dam will 
impound a reservoir of about 10 4 MCM that will provide for daily regulation At the dam, the 
Engun fiver drains an area of 1,920 krn2 and has an average runoff of about 82 m3/s 

The project wl l  have an mstalled capacity of 107 MW and generate an average of about 347 GWh 
each year for a plant factor of about 40 percent The powerhouse will contain 2 u t s  rated at 53 5 
MW at a flow of 105 m3/s and a head of 59 m 

The project is estimated to cost $120 million at a 1998 pnce level 

3 1 3 Jorkval~ Hydropower Project 

The Jorkvali Project will be located immediately upstream fi-om the Chen Project It w11 consist 
of a 45-m-high rockfill dam with a tunnel spillway, pressure tunnel and surge tank, penstocks, 
underground powerhouse, and tailrace tunnel The total volume of the reservoir mpounded by the 
dam wl l  be 11 2 MCM, of whch 4 0 MCM will be active storage The dramage area of the Engun 
fiver at the dam is estimated to be 1,800 km2, and the mean annual runoff is about 77 m3/s 

The project wl l  have an mstalled capacity of 160 MW and is expected to produce an average of 496 
GWh per year The powerhouse will contain 2 w t s ,  each turbine is rated for a discharge of 92 5 
m3/s at a head of 100 rn, and each generator is rated at 100 kVA, 0 8 power factor The units were 
proposed to operate at a speed of 300 rpm, however, t h s  speed is too high and has been reduced to 
200 rpm 

The project is est~mated to cost $1 68 million and requlre about 4 years to construct 

3 2 Namakhvanl Hydropower System 

The Namakhvani Hydropower System will be located in west Georgia along the middle course of 
the fiom fiver between the Ladjanun and Gurnati Hydroelectnc Projects The system will cons~st 
of three hydroelectnc power stations, the Tvlsh, the Namakhvan~, and the Zhoneti projects The 3 
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stations will develop about 160 m of head between the lower pool of Ladjanun and the Gumati I 
project 

3 2 I Tvlshl Hydropower Project 

The most upstream station of the system will be the Tvishi Project, located about eight kilometers 
downstream from the Ladjanun Project It will consist of a 57-m-high arch dam, a power intake on 
the left side of the dam, a power tunnel that makes use of most of the diversion tunnel, a penstock, 
and an outdoor powerhouse The powerhouse will contain two adjustable-blade turbines connected 
to synchronous generators with an aggregate installed capacity of 100 MW The unlts are rated for 
a head of 36 m and a total d~scharge of 336 m3/s It is expected that the reservoir will quickly fill 
with sediment, however, the 10-m-deep actlve storage pool will be maintained by flushing dunng 
the high water penods The project will have a dependable capacity of 9 0 MW and generate an 
average of 403 GWh each year 

The Tvlshi Project is estimated to cost $141 0 million and require about 4 years to implement 
including des~gn, bidding, and construction 

3 2 2 Namakhvanl Hydropower Project 

The next downstream stat~on will be the Namakhvani Station, located at the base of a 11 1-rn-high 
arch dam impound~ng a reservoir of 156 MCM Water will be supplied to the power plant through 
two water intake towers located just upstream from the dam The towers will draw water from the 
top 12 m of the reservoir, which will contain 52 MCM and deliver the water through 2 penstocks 
embedded in the base of the dam to the powerhouse The powerhouse will contain two units 
consisting of adjustable-blade turbines and synchronous generators The units are each rated at 125 
MW for a discharge of 183 m3/s at a head of 78 m The expected dependable capacity is estimated 
to be 26 MW, and the annual production is estimated to average 928 GWh 

The Namakhvani Project is estimated to cost $259 4 million and require about 4 to 5 years to 
implement 

3 2 3 Zhonet~ Hydropower Project 

The third development in the system will be the Zhoneti Hydropower Station The development will 
~nclude a 3 1 -m-high central core rockfill dam, a surface spillway and bottom outlets, a powerhouse, 
and a tailrace channel The dam will impound a reservoir of 12 5 MCM, of which 6 0 MCM is 
active storage The powerhouse will contain 2 adjustable blade turbines connected to synchronous 
generators rated at 50 MW each The hydraulic capac~ty of the units 1s 208 m3/s at a head of 32 m 
The project will have a dependable capacity of about 6 0 MW and generate an average of 346 
G W Y ~  

The est~mated cost of the project is $1 33 5 million, and it is expected that 4 years will be required 
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to implement the project 

3 3 Tsager~ Hydropower Project 

The Tsagen Project will be located on the Tstkhenisckali Rver, which is a tributary to the &on1 
Rver The project will drain an area of about 1,300 km2, and the nver has an average runoff of 
about 63 m3/s The project will have an installed capacity of 140 MW and generate an average of 
488 GWh each year 

The project will consist of a 5 2 MCM reservoir, unpounded by a 30-m-hgh rockfill dam, to provide 
for daly regulabon The active storage is estlrnated to be 3 2 MCM The project also will include 
a power conduit intake, a 9-km-long 6-m-diameter power tunnel, a surge chamber, a steel-lined 
concrete shaft, an underground powerhouse, a tailrace tunnel, and a canal discharging the turbine 
flow into the buffer reservoir for the Ladjanun Project 

The powerhouse will contain two m t s  consisting of Francis turbines connected to synchronous 
generators The turbines are rated at 70 MW for a flow of 72 5 m3/s and a head of 114 m The 
generators are rated at 82 MVA 

The cost of the project is estimated to be $174 mllion, and it is expected that the project will requre 
an implementation penod of about 4 years The cntical path d m g  construction will be through the 
construction of the tunnel and the fabncation, delivery, and mstallation of the generabng equipment 

3 4 Paravan~ Hydropower Project 

The Paravam Hydro Project will be located m southern Georga on the Paravam fiver just upstream 
fiom its confluence with the Mtkan fiver at the village of Khertvisi The project will have an 
installed capacity of 120 MW and generate an average of 400 GWh each year The run-of-nver 
project will develop an elevation difference of about 400 m and contribute to the base sector of the 
load curve At the station site, the Paravani Rver drains an area of 2,140 km2 and has an average 
annual discharge of about 16 7 m3/s 

The project wlll consist of a concrete dam and gated spillway across the Paravani hver, a sediment 
exclusion basin, a 1 4-km-long pressure tunnel, a surge chamber, a valve chamber, a 750-m-long 
steel penstock, an underground powerhouse, and a tailrace tunnel Although no transmission 
requirements have been idenbfied, it is assumed for cost purposes that a 5-km-long 1 10 kV lme will 
be required The project facilities are conceptualized for a flow of 39 m3/s 

The powerhouse will contam three Pelton turbmes direct connected to synchronous generators The 
turbines are rated at 41 MW for a flow of 13 m3/s and a net head of 364 m The generators are rated 
at 50 MVA, power factor of 0 8 The w t s  w11 operate at a speed of 300 rpm 

Based on mean monthly flows, and allowing for a samtary release of 1 7 m3/s, the project will 
generate 442 GWWyr The project will be sized to divert the maxlmurn average monthly flow of the 
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average flow year Allowing for scheduled and forced outages, transm~ss~on losses, and an 
adjustment for using mean monthly flows for a run-of-nver project, the expected average generation 
IS est~maled to be about 400 GWhlyr Dependable capacity, defined as the minlmum monthly 
average capacity, is estimated at 20 MW 

The project IS est~mated to cost $168 mill~on 

3 5 Med~um and Small Hydropower Projects 

A senes of medium (15 MW to 50 MW) and small (less than 15 MW) projects have also been 
ldentlfied on vanous nvers throughout the Republic These projects are descnbed in the following 
sectlon 

3 5 1 M~nadze Hydropower Project 
The Mlnadze Hydropower Project will be located In the Samtskhe-Javakhet~ reglon of Georg~a 
s~tuated on the Mtkvan Fbver at ~ t s  confluence with the Uraveli h v e r  The total area of the dranage 
basln upstream from the project is about 50,000 km2, of which about 35,00 km2 IS in Georgia At 
the slte, the Mtkvan h v e r  has an average runoff of about 54 m3/s The project will have an installed 
capacity of 41 MW and generate an average of 108 GWh per year 

The project will consist of a 29-m-hgh rockfill dam, a tower-type water mtake, a 240-m-long tunnel, 
an underground powerhouse, and a tailrace tunnel d~scharging back to the Mtkvan f iver  The dam 
will Impound a reservoir w ~ t h  a total storage of 20 MCM and a useful storage of 13 MCM 

The powerhouse will conta~n 2 w t s ,  each rated at 20 5 MW at a head of 28 2 m and a discharge of 
85 m3/s The units are to operate at a speed of 214 rpm 

The project IS est~mated to cost $70 m ~ l l ~ o n  and requlre about 3 5 years to construct 

3 5 2 Dzevra Hydropower Project 

The intake for the Dzevra Project will be located along the tallrace channel of the Tkibul~ 
Hydropower Project, and, therefore, its operation w ~ l l  be synchronized wlth the operation of the 
Tklbuli Project 

The features of the Dzevra Project cons~st of the ~ntake in the canal, a power conduit for wh~ch 
several optlons exlst, penstocks, and a powerhouse The capacity of the system will be 30 6 m3/s, 
wh~ch IS the d~scharge from the Tklbull Project (34 rn3/s) less 10 percent released Into the Dzerva 
h v e r  and a sanltary flow 

The project w ~ l l  have an Installed capacity of 24 7 MW and generate an average of about 55 GWh 
per year Generat~on will occur w ~ t h  4 equal s~zed units cons~st~ng of Franc~s turbines, each rated 
at G 2 MW for a d~scharge of 7 65 m3/s and a head of 95 my and synchronous generators operat~ng 
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at a power factor of 0 85 

The project is estimated to cost $54 million and to require 3 years for implementation 

3 5 3 Pon~chala Hydropower Project 
The Ponlchala Project will be located near Tbihsi on the Mtkvan hve r  The project will consist of 
a low dam across the Mtkvan that contams a gated spillway and an mtegral Intake powerhouse The 
powerhouse w l l  contain 3 Kaplan turbines rated at 6 7 MW for a head of 10 6 m and a design 
discharge of 77 m3/s The plant will have an Installed capacity of 20 1 MW and generate an average 
of 120 GWh per year 

The project is estimated to cost $39 mllion and the implementation penod to be 3 years 

3 5 4 Rustav~ 2 Hydropower Project 

The Rustavi 2 Project will be located in the city of Rustavi about 30 km southeast of Tbilisi on the 
Mtkvan Rver It will be 200 m downstream fiom the Gardabam Thermal Power Project, whlch 
requires about 42 m3/s for coollng The long-term average mimmum flow in the Mtkvan Rver at 
the Rustavi site is about 47 m3/s dunng the months of August through February, and the average 
annual flow 1s about 230 m3/s The Rustavi Project is intended to use water not planned for use by 
the Gardabam Project for cooling 

The barner across the Mtkvm fiver will consist of a gated spillway and the powerhouse The 
powerhouse will contain 3 bulb turbine/generators with an aggregate rating of 14 MW Each unit 
is designed for a discharge of 95 m3/s and a head of 6 2 m The w t s  w11 operate at a speed of 120 
rpm (onginally reported to operate at 75 rpm) The generators are rated at 5 8 MVA, 0 8 power 
factor 

Based on 3 flow years representing average conditions at Tbilisi, the eshmated average annual 
generation at the Rustavl Project is about 55 GWh with about 65 percent of the production occunvlg 
in the penod Apnl through July 

The estimated cost of project implementation was based on ongmal matenals quanhties, current w t  
pnces, and equpment estimates and amounts to $33 rmllion It is estmated that the implementahon 
penod will be about 3 5 years 

3 5 5 Abul~ Hydropower Project 

The Abuli Project w l l  be located on the Paravam hver  near the village of Khorem The project has 
an installed capacity of 8 5 MW and generates an average of 37 GWh per year 

The project w l l  consist of a 12-m-hlgh dam across the Pravani Rver, a power intake, a 2-km-long 
pressure tunnel, a surge shaft, turln penstocks, and a powerhouse The powerhouse wlll contam two 
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Franc~s turb~nes dlrect connected to synchronous generators The turbines are rated at 4 25 MW at 
a flow of 10 m3/s and a head of 49 m and w ~ l l  operate at a speed of 375 rpm The generators are 
rated at 5 3 MVA with a power factor of 0 8 

The estimated cost of the project is $1 8 million, of wh~ch about $4 0 mill~on is for the generation 
and transmission equipment 

3 5 6 Mutso Hydropower Project 

The Mutso Project will be located on the Andal  h v e r  about 3 km from the v~llage of Shatill The 
project will have an ~nstalled capacity of 2 4 MW and generate an average of about 14 5 GWh per 
year 

The project will Include a diversion dam and intake diverting the design discharge of 4 5 m3/s 
through a sed~ment basin to a 3-krn-long plpellne which delivers water to the powerhouse The 
powerhouse will contain 4 Francis turbines, each rated at 600 kW for a flow of 1 1 m3/s and head 
of 70 m, and 4 generators 

The project is estimated to cost $5 million 

3 6 Cascades 

Three cascades have been identified which offer the potential for substanltal development The 
configuration of the cascade systems apparently are the result of a preliminary map study whch was 
used to establish the approximate location of the cascade stations and eshmate the elevation avalable 
for development The scale of the maps is unknown It is further surmised that a statistical analysis 
was performed to est~mate available streamflow from which est~mates of energy were computed 
The plant capacity was selected for a plant factor of about 0 6, and the cost of the cascade stat~on 
was est~mated on the basis of a unit cost per k~lowatt As such, the cascade infonnatlon is su~table 
for ~nclus~on in the least cost plan only as a block of power indicating that a quantity of power up 
to the aggregate total of the ent~re cascade might be available at approximatly the unlt cost used to 
denve the cost of each plant No consideration was given to the need for transmission at any of the 
stations 

No information was given to determ~ne on what basis estimates of energy were made, and the 
determination of estimates of energy for a large number of plants was outside the scope of th~s  study 
Other information suggests that the est~mates are based on a computation uslng monthly flows for 

an average year This type of an analys~s, especially for a run-of-nver project, would result in a 
conservatively high estimate of energy production The estimates were not changed as sufficient 
data were not collected to allow an Independent estimate of production on these relatively minor 
streams, nor is there any indicat~on that a more detailed analysls than descnbed above was not 
performed 

The cascade concepts and the aggregate power and energy estimates are descnbed below 
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3 6 1 Gubazeul~ Cascade 

The Gubazeuh Cascade wll  be located on the Gubazeuh Rver and its tnbutanes m western Georga 
The Gubazeuli Rver is a tnbutary of the Supsa Rver, whch enters the Black Sea south of Pot1 
The nver is about 47 km long and drops a total of 2,120 m over that length The dramage area of 

the nver is 371 km2, and the dramage network compnses 138 nvers and streams The man 
tnbutanes are the Khmstskali, Kwrltskali, Kalasha, and Sashvala &vers 

The cascade consists of 18 stabons that have an aggregate capacity on the order of 80 MW wth  a 
capabihty of generatmg up to about 352 GWh each year The design heads vary between 10 and 130 
m wth  one excepbon, whle the rated lscharges vary around 2 5 m3/s for 9 of the plants and fiom 
6 to 17 m3/s for the other 9 projects Most of the larger projects will be on the Gubazeuh Rver A 
summary tabulabon of the cascade is presented m the followng table 

Aggregate Aggregate Approximate 
Capacity Energy Cost 

Stabon @82 (GWh) ($mlhon) 

Gubazeuli 1-1 0 5 0 222 5 0 

Kvmlistskah 1,2 18 66 18 

Kalasha 1,2 2 7 2 

Sashvala 1-3 8 44 8 

3 6 2 Zestaphon~ Cascade 

The Zestiphom Cascade is an ambitious undertakmg that calls for the construction of three dams, 
a senes of power conduits, and eight power plants The Cascade w11 be located m the Baghdati 
regon and develop water from the Khamstskali, Laishura, and Sakraula hvers 

The first stabon of the cascade w11 compnse a 60-m-hgh dam on the Khamstskah Rver lvertmg 
water through a 4-km-long tunnel to the power plant The plant wdl contam 3 equal slzed m t s  wrth 
an aggregate rated capacity of 3 0 MW and generate an average of about 15 GWh each year The 
turbmes are rated for a &scharge of 5 m3/s at a head of 67 m 

Station 2 w11 receive water fiom a 60-m-hgh dam on the Lashura kve r  and the lscharge fi-om 
Stabon 1 Water wl l  go through a 5 5 km-long tunnel to the powerhouse, whch wrll contam 3 w t s  
each rated at 7 6 MW at a lscharge of 10 m3/s and a head of 274 m The aggregate installed 

d capaclty will be 23 M W ,  and the average annual generation is estimated to be 11 5 GWh 

Stabon 3 wll  have an mtalled capacity of 50 MW and receive water fiom Stabon 2 and a 50-m-hgh 
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dam on the Sakraula Rlver Water will dlvert through a tunnel and penstock arrangement to the 
powerhouse, which wlll discharge into the Kvinla River, a major tnbutary of the h o n i  River The 
powerhouse will contain 3 turbines rated at 16 7 MW for a flow of 17 m3/s and a head of 343 m, 
connected to synchronous generators The average annual generation is est~mated to be 255 GWh 

Water will be diverted from the Kvinla k v e r  into a canal to serve the five Zestaphom power plants 
The plants wlll be spaced along the canal so that the developed head is 12 m Statlon 4 of the 
cascade (the first statlon on the canal) will be located 710 m away from the headworks, and the 
succeed~ng stations will be located 6 2 krn, 6 2 km, 8 5 km, and 9 3 km apart Water will return to 
the Kvlnla R~ver through a 3,500-m-long tallrace channel Each station will contain 3 equally sized 
units rated at 2 8 MW at a flow of 80 m3/s and head of 12 m Each plant will generate a total of 45 
GWh each year for a total of 235 GWh 

The total cascade will have an installed capacity of 11 8 MW and generate an average of 610 GWh 
each year The cascade is est~mated to cost $136 million and will require about 6 years to complete 

3 6 3 Tskhen~stkal~ Cascade 
The Tskhenistkali nver is a major tnbutary of the Ron1 f iver  that is located m western Georga near 
the city of Sarntredia The nver IS 184 krn long and drams an area of about 2,120 krn2 The cascade 
will be composed of 24 stations on the main stem of the nver and its tnbutanes The entire concept 
indicates the availability of 124 MW generating an average of slightly more than 620 GWh each 
year 

The potential of each of the nvers in the Tskhenistkall k v e r  basln IS indicated m the following table 

Potential Approximate 
No of Capaclty Energy Cost 

h v e r  Stations (MW) (GWh/yr) ($million) 

Tskhenistkali 7 4 8 240 43 

Zesko 2 6 2 7 5 5 

Ashkhashun 2 5 2 5 5 

Kheshaun 2 2 7 2 

Mukra 2 9 45 9 

Gurgaull 2 5 22 5 

Kheldula 3 2 8 142 2 5 

Devashi 1 2 12 2 

Jonauli 3 2 1 104 18 
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3 6 4 Stor~ Cascade 

The Ston k v e r  is a tnbutary of the Alazani kver,  which is located in the northeastern part of 
Georgia The nver slopes steeply, dropping at an average rate of about 62 mlkm The nver drains 
about 280 km2 and has an average runoff of about 10 m3/s 

The cascade concept consists of two storage projects In the middle part of the nver In addition, 
there is potential for a senes of smaller plants lugher up in the basin, however, the concept for these 
plants has not been developed sufficiently for consideration in the least cost planning studies 

The headworks of Ston 1 will be located near the Eshmalu bve r  tnbutary at about El 740 The 
project w11 consist of a 7-m-hgh diversion dam, water intake and sedimentation basin, head pond, 
4 7-km tunnel and surge tank, and 2 penstocks leading to the powerhouse, which is located on the 
bank of the nver The power plant will contain two Pelton turbines with synchronous generators 
The w t s  each wll  have a capacity of 4 25 MW and generate an average of about 50 GWh per year 
The turbines are rated for a design discharge of 6 5 m3/s and a rated head of 164 m The project is 

estimated to cost $20 million 

The headworks for Ston 2 are located downstream of the Ston 1 powerhouse The project will 
consist of a diversion dam, water Intake and desandmg basm, 4 0-km-long canal, headpond, 3-barrel 
penstock, and powerhouse The project will have an installed capaclty of 2 7 MW and generate an 
average of about 14 8 GWh per year 

The generating facilities will consist of 3 Francis turbines with an aggregate rated discharge of 7 2 
m3/s at a head of 47 m, directly connected to synchronous generators The project is estimated to 
cost $7 0 million 

The cascade potential results from the significant elevation drop of 250 m in the nver over a 
relatively short distance of 9 5 km Over tlus reach it has been suggested that the aggregate 
development might total 1 1 MW and that the average production could be 65 G W y r  The costs, 
taken fiom parametric information is estimated at $29 million 
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4 OPERATING COSTS 

Operating costs include operation, maintenance, and replacement and are defined as the average 
annual expenditures of labor and matenals necessary to keep the project operating at near opt~rnum 
efficiency throughout its useful life The operation and mamtenance costs (O&M) mclude salmes 
of the operatmg personnel, the cost of labor, plant and supplies for ordinary maintenance, and the 
cost of spare parts Replacement costs mclude components that requlre replacement pnor to the end 
of the project life, such as stator windings, turbme runners, thrust bearings, communications 
equipment, and major auxiliary equipment 

In addition, for the existing projects, an allowance is included for capital modifications which 
reflects the severe detenoration of the capital assets over the years These funds will be used for 
project units that can no longer be cost-effectively repsllred under the O&M program The amount 
allowed for tt.lls component is substantially less than might normally be expected because of the 
capital expenditures included m the rehabilitation estlrnate For planned projects, such expenditures 
for capital modifications will be so far in the future as to have little Impact on the annual cost 

Histonc operating costs were not obtained as a part of the data collection program because dmng 
Soviet times, the operating staff, as reflected by current rosters, was sigruficantly larger than 
necessary and, since the breakup of the USSR, the scarcity of funds have rendered any current 
expenditure for supplies and matenals inappropnate for future plamng 

The operating cost requirements include projects with mstalled capacities varymg from 10 to 1,300 
MW, project age varying fiom 50 years to new projects, and plant factors from 15 to 80 percent 
Histonc data fiom the Umted States, Canada, and South Arnenca were considered to determme the 
cost of O&M versus installed capacity over a range of installed capacities that bracket the 
requirements in Georga These estlrnates were adjusted to reflect current labor costs m Georga and 
the cost of matenals and supplies available to Georga 

The current labor costs are severely depressed in Georgia, and the degree to whch these costs will 
recover is a major unknown For the adjustment to Georgian conditions, the average labor costs 
were taken as 15 percent of the labor costs m the data base Further, the labor costs in the data base 
were assumed to equal 60 percent of the total O&M cost The resultant labor costs should allow for 
a large O&M staff, which is the norm m Georgia, and an average salary rate equivalent to about 
$250/month 

The cost of replacement is included in the annual cost as a sinlung h d  It is difficult to quantify 
replacement costs because these costs are dependent on the maintenance program For example, 
components can be replaced at regularly scheduled mtervals suggesting a hgher cost or they can be 
replaced only when they fail For these estlrnates, a replacement cost of 30 percent of the O&M cost 
was assumed to reflect conditions approximating the latter phlosophy 

For capital modifications, an allowance of 10 percent of the cost of operation, maintenance, and 
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replacement was assumed A capital fund will build up over the years after the initial rehabilitation 
for any emergency or major rebuilding efforts 

Representative annual costs for operation, maintenance, replacement, and capital improvements are 
presented below 

Installed Capacity Annual Operating Cost 
0 0 
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EXHIBIT 2- 1 
Sh 1 of 16 

EXISTINGPROJECT DATA 
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Operahon constrarnts 

Implementation duratlon - yr 

Annual disbursements - %/yr 

Implementanon schedule 

Condihons of loans 

reflected m energy 
estimates 

5 

7/38/33/3/9 

full capacity after 3 yr 

there is a loan 
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EXHIBIT 2-1 
Sh 2 o f  16 

EXISTING-PROJECT DATA 
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Maxunum energy - GWh 

Planned maintenance 

Forced outage - dayslyr 

Operation constraints 

Implementahon durahon - yr 

Annual disbursements - %/yr 

Implementation schedule 

Conditions of loans 

I 15 

m energy estunates 

2 

50150 

full capacity at tune 
Engun is completed 

with Enguri loan 
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EXHIBIT 2-1 
Sh 3 of 16 

EXISTING-PROJECT DATA 
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Project 

Type 

Nameplate capacity - MW 

Maxlrnum capacity - MW 
Wmter 
S P W ~  
Summer 
Fall 

Maxlmum energy - GWh 
Wmter 
S ~ m g  
Summer 

Vardnili 11-IV, each 

Hydro 

Before 
Rehab 

0 

0 
0 
0 
0 

0 
0 
0 

Operabon constraints 

Implementahon durahon - yr 

Annual disbursements - %/yr 

Implementabon schedule 

CondiQons of loans 

After 
Rehab 

40 

40 
40 
40 
40 

27 
3 8 
13 

requrres release from Vardrvli I 

3, to comcide w~th  work on 
Vardmli I and Engun 

30/40/30 

full capacity at tune Engun is 
completed 
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EXHIBIT 2-1 
Sh 4 of 16 

EXISTING-PROJECT DATA 

F ~ n a l  Report 
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Project 

Type 

Nameplate capacity - MW 

Maxlmum capac~ty - MW 
Wlnter 

s ~ m g  
Summer 
Fall 

Maxmum energy - GWh 
Winter 

Jinvali 

Hydro 

Before 
Rehab 

65 

65 
65 
65 
65 

98 

Planned mamtenance 

After 
Rehab 

130 

130 
130 
130 
130 

140 

Forced outage - days/yr 

Operation constramts 

Implementation duration - yr 

Annual disbursements - %/yr 

Implementation schedule 

Conditions of loans 

15 

none 

3 

30/40/30 
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EXISTING-PROJECT DATA 

EXHIBIT 2-1 
Sh 5 of 16 

Operahon constraints 

Implementahon durahon - yr 

Annual disbursements - %/yr 

Implementahon schedule 

Con&bons of loans 
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2 
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EXHIBIT 2- 1 
Sh 6 of 16 

EXISTING-PROJECT DATA 
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Project 

Type 

Nameplate capacity - MW 

Maximum capacity MW 
W mter 
S P ~ W  
Summer 
Fall 

Maxunum energy - GWh 
Winter 

Fixed - US$/kW per year 
Vanable - mlls/kWh 

Operation constramts 

Khrami I1 

Hydro 

Before 
Rehab 

110 

110 
110 
110 
110 

117 

After 
Rehab 

110 

110 
110 
110 
110 

170 
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EXHIBIT 2 1 
Sh 7 of 16 

EXISTING-PROJECT DATA 

EXHIBIT 2- 1 
Sh 8 of 16 

Maxlrnum capacity - MW 

Max~mum energy - GWh 

EXISTING-PROJECT DATA 

Operabon constraints 

Implementahon durahon - yr 

Annual disbursements - %/yr 

Implementahon schedule 

Condihons of loans 
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sedment deposition 
probably lurutrng 
peakmg operahon 

2 

5 015 0 
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Project 

Type 

Nameplate capaclty - MW 

Maxmum capaclty - MW 
W~nter 
Spring 
Summer 
Fall 

Max~mum energy GWh 
Winter 
Sprlng 

Gumati I 

Hydro 

Before 
Rehab 

3 3 

33 
33 
3 3 
3 3 

3 9 
67 

Operat~on constraints 

Implementation duration - yr 

Annual disbursements - %lyr 

Implementation schedule 

Conditions of loans 

After 
Rehab 

44 

44 
44 
44 
44 

64 
107 

requlres sedment removal 
from the reservoir to attam 
peaking capabll~ty 

2 

50150 
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EXHIBIT 2- 1 
Sh 9 of 16 

EXISTING-PROJECT DATA 
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Maximum energy - GWh 

Vanable - mllskwh 

Operahon constraints 

Implementation durahon - yr 

Annual disbursements - %/yr 
IrnplementaQon schedule 

Condlbons of loans 

dependent on releases 
from Gurnah I plant 
upstream 

2 

50150 
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EXHIBIT 2 1 
Sh 10 of 16 

EXISTING-PROJECT DATA 
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Project 

Type 

Nameplate capacity MW 

Maxlrnum capacity MW 
Wlnter 
S P M ~  
Summer 
Fall 

Maxunum energy - GWh 
Wlnter 

&on1 

Hydro 

Before 
Rehab 

49 

49 
49 
49 
49 

64 

Forced outage - dayslyr 

Operation constraints 

Implementation duration - yr 

Annual disbursements - %lyr 

Implementation schedule 

Condit~ons of loans 

After 
Rehab 

49 

49 
49 
49 
49 

84 

I 15 

dependent on releases 
from Gumati Iand I1 
upstream 

2 

50150 
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EXHIBIT 2 1 
Sh 11 of16 

EXISTINGPROJECT DATA 

EXHIBIT 2-1 
Sh 12 of 16 

Operahon constraints 

Implementahon durahon - yr 

Annual chsbursements - %/yr 

Implementabon schedule 

Condihons of loans 

EXISTINGPROJECT DATA 

dependent on releases from 
Gurnah Iand I1 upstream 

3 

33/34/33 

2 plants after 2 yr, all 4 
plants after 3 yr 
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Project 

Type 

Nameplate capacity - MW 

Maximum capacity - MW 
Wmter 
S P ~  
Summer 
Fall 

Maximum energy - GWh 
Wmter 
s ~ m g  

Shaori 

Hydro 

Before 
Rehab 

38 4 

38 4 
38 4 
38 4 
38 4 

62 
40 

Operation constramts 

Implementanon duranon - yr 

Annual disbursements - %/yr 

Implementat~on schedule 

Conditions of loans 

After 
Rehab 

38 4 

38 4 
38 4 
38 4 
38 4 

64 
4 1 

2 

5 015 0 
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EXHIBIT 2-1 
Sh 13 of 16 

EXISTING-PROJECT DATA 
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Maxlmurn capaclty - MW 

Max~mum energy - GWh 

Operabon constrarnts 

Implementabon durabon - yr 
Annual d~sbursements - %/y 

Implementahon schedule 

Conhbons of loans 

dependent on releases 
from Shaon 

2 

50150 
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EXHIBIT 2- 1 
Sh 14of16 

EXISTING-PROJECT DATA 
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3 f; 

Project 

Type 

Nameplate capacity - MW 

Maxunum capaclty - MW 
Wlnter 
S P ~ W  
Summer 
Fall 

Maxlrnum energy - GWh 
Wlnter 

Zahesi 

Hydro 

Before 
Rehab 

37 

3 7 
3 7 
3 7 
37 

48 

Forced outage - dayslyr 

After 
Rehab 

44 

44 
44 
44 
44 

67 

Operation constraints 

Implementation duratlon - yr 

Annual disbursements - %lyr 

Implementatlon schedule 

Conditions of loans 

2 

50150 
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EXHIBIT 2-1 
Sh 15 of 16 

- 
EXISTING-PROJECT DATA 
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Operahon constrarnts 

Implementatlon durahon - yr 

Annual disbursements - %/yr 

Implementabon schedule 

Conhtlons of loans 

2 

50150 
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EXHIBIT 2 1 
Sh 16 of 16 

EXISTING-PROJECT DATA 
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Maxlrnum energy - GWh 

Planned maintenance 

Operahon constraints 

Implementation durabon - yr 

Annual disbursements - %/yr 

Implementahon schedule 

Conditions of loans 

2 

50150 
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EXHIBIT 3-1 PROPOSED PROJECT DATA ( 1 of 3 ) 
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Zhonet~ 

Rioni 
River 

100 

100 
100 
100 
100 

62 
166 
62 
56 

100 
50 

1,335 

4 60 
0 52 

15 
90115 

15 
none 

Jorkvali 

WestlInguri 
River 

160 

160 
160 
160 
160 

45 
287 
114 
50 

160 
50 

1,260 

4 0 0  
0 50 

15 
90115 

15 
none 

4 

25 

Cheri 

WestlInguri 
River 

107 

107 
107 
107 
107 

3 1 
20 1 
80 

35 
107 
50 

1,401 

4 60 
0 55 

15 
901 15 

15 
none 

4 

25 

Project 

Location 

Nameplate capacity - MW 
Maximum capacity - MW 

Wrnter 
Spring 
Summer 
Fall 

Maximum energy - GWh 
Winter 
Spring 
Summer 
Fall 

Peak capacity - MW 
Life expectancy - yr 
Capital cost - US$lkW mstalled 
O&M cost 

Fixed - $lkW per year 
Variable - $/MWh 

Planned mamtenance 
Yearly - days 
Less frequently - dayslyears 

Forced outage - dayslyr 
Operation constralnts 

Implementation duration - yr 

Annual d~sbursements - %lyr 

Tsager~ 

Tstkhenisckali 
River (trib of 
Rionl) 

140 

140 
140 
140 
140 

88 
234 

88 
78 

140 
50 

1,240 

4 25 
0 47 

15 
901 15 

15 
none 

Khudon~ 

WestIIngur~ 
River 

63 8 

638 
638 
638 
638 

134 
835 
339 
142 
638 
50 

530 

2 5 
44 

15 
90115 

15 
none 

4 

25 

Tvlshi 

Rioni 
River 

100 

100 
100 
100 
100 

73 
194 
73 
64 

100 
50 

1,410 

4 60 
044 

15 
90115 

15 
none 

4 

25 

Paravam 

Paravanr 
(trib to 
Mtkvari) 

120 

50 
140 
40 
40 

97 
258 
41 
47 

120 
50 

1,400 

4 40 
0 46 

15 
90115 

15 
none 

Namakhvan 
1 

Riom River 

250 

250 
250 
250 
250 

167 
445 
167 
149 
250 
50 

1 036 

3 45 
0 36 

15 
90115 

15 
none 

4 

25 

Wnadze 

Mtkvarr 
Rrver 

4 1 

10 
4 1 
10 
10 

22 
65 
10 
11 
41 
50 

1,700 

6 10 
0 91 

15 
901 15 

15 
none 
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EXHlBIT 3-1 PROPOSED PROJECT DATA (continued 2 Of 3) 
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Pro~ect 

Locauon 

Nameplate capacity - MW 
Maximum capacity - MW 

Wmter 
Spring 
Summer 
Fall 

Max~mum energy - GWh 
Wmter 
S ~ r m g  
Summer 
Fall 

Peak capacity - MW 
Lrfe expectancy - yr 
Capital cost - US$/kW installed 
O&M cost 

Fixed - $IkW per year 
Variable - $/MWh 

Planned mamtenance 
Yearly - days 
Less frequently - dayslyears 

Forced outage - dayslyr 
Operation onstramts 

Implementation duration - yr 
Annual disbursements - %lyr 

Tskhemtkab 
Cascade 
Tskhemstkali 
River and 
others 

125 

145 
301 
113 
65 

125 
50 

2300 

8 60 
0 67 

15 
901 15 

15 
none 

10 

Dzerva 

Central1 
Dzerva 
hver 

24 7 

24 7 
24 7 
24 7 
24 7 

23 
16 
6 

10 
24 7 

50 
2 2 0  

7 50 
1 3  

15 
901 15 

15 
dependent 
on Thbuli 

3 
30140130 

Pomchala 

Central1 
M&vari 
River 

20 1 

39 
54 
11 

16 
20 1 

50 
1 940 

7 80 
0 50 

15 
901 15 

15 
none 

3 
30140130 

Rustan 

Central1 
Mtkvan 
k v e r  

14 

13 
30 
5 
7 
14 
50 

2 350 

8 60 
0 80 

15 
901 15 

15 
none 

3 
30145125 

Abuh 

Paravm 
Riverr 

8 5 

9 
20 
3 
5 

8 5 
50 

2 080 

10 10 
0 89 

15 
901 15 

15 
none 

3 
30145125 

Zestaponl 
Cascade 
Kvinla 
and others 

118 

142 
294 
110 
64 

118 
50 

1 900 

7 60 
0 57 

15 
901 15 

15 
none 

8 
101yr 

Mutso 

And& 
kver 

2 4 

4 
6 
3 
2 

2 4 
50 

2 100 

8 60 
0 55 

15 
901 15 

15 
none 

2 5 
4014012 

0 

Gubazeul 
I Cascade 
East 

80 

76 
158 
59 
34 
80 
50 

2 350 

8 60 
0 80 

15 
901 15 

15 
none 

8 
12 5lyr 



Georg~a Electrlc~ty Sector Least Cost Development Plan 

EXHIBIT 3-1 PROPOSED PROJECT DATA (contmued 3 Of 3) 
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Annual dsbursements - %/yr 30140130 30140130 25125125125 
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Thermal Power Faclhties 
Condlt~on Assessment and Proposed Project Evaluat~on 

1 Exlst~ng Thermal Power Plants 

All of the existing thermal power plant boilers are presently configured to burn natural gas as the 
pnmary fuel, with mazut as backup fuel The two boilers at Tkvarcheli in Abkazia are designed to 
burn coal, but in later years only burned natural gas and mazut The elght boilers at Rustavl 
Metallurgical Mill Power Plant onginally burned coal, coke and coke oven gas, but in recent years 
only burned natural gas and mazut A general description of the exlsting power plants is presented in 
Table 1 

Table 1 
Name Installed Installed Start-up Current 

of Elechc Thermal 
Unit Capacity Capacity Fuel Type Locahon Year Condihon 
Tbilsresi 1700 0 Gas, Mazut Gardabani 

Gas, Mazut 
Gas, Mazut 
Gas, Mazut 
Gas, Mazut 
Gas, Mazut 
Gas, Mazut 
Gas Mazut 
Gas, Mazut 
Gas, Mazut 
Gas, Mazut 
Gas, Mazut 

Gardabani 
Gardabani 
Gardabani 
Gardabani 
Gardabani 
Gardabani 
Gardabani 
Gardabani 
Gardabani 
Gardabani 
Gardabani 

Out of order 
Out of order 
Workmg 
Out of order 
Out of order 
Out of order 
Out of order 
Worlung 
Workmg 
Out of order 
Never completed 

Tbilisi TES 18 66 Gas, Mazut Tbilisi 
No 1 6 22 Gas, Mazut Tbilisi 197 1 Working 
No 2 6 22 Gas, Mazut Tbilisi 1966 Out of order 
No 3 6 22 Gas, Mazut Tbilisi 1959 Working 

Rustavi 149 479 Gas,Mazut Rustavl 
No 1 12 3 1 Gas, Mazut Rustavi 1949 Out of order 
No 2 25 58 Gas, Mazut Rustavl 1951 Out of order 
No 3 25 58 Gas, Mazut Rustavi 1960 Out of order 
No 4 12 110 Gas, Mazut Rustavi 1985 Worlung 
No 5 25 78 Gas, Mazut Rustavi 1956 Out of order 
No 6 5 0 1 44 Gas, Mazut Rustavi 1962 Out of order 

Tkvarcheli 220 0 Coal, Mazut Abkazia 
No 1 110 0 Coal, Mazut Abkazia 1978 Unknown 
No 2 110 0 Coal, Mazut Abkazia 1984 Unknown 

2 Condihon Assessment of Thermal Unlts 

Dmng the past several years the exishng thermal power plant unlts have detenorated significantly due 
to obsolete equipment and lack of funds needed for maintenance and repairs Also, losses in 
detenorated transmission and distnbubon systems and increased loads from residential households 
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using electnc heaters and hot water heaters to replace cut-off of natural gas placed additional stress on 
the remaining operating units The result was increased outages and electncal frequency dropping as 
low as 44 Hz ,  causing additional damage to equipment Of the more than 2000 MW of existing 
installed thermal units capacity, only about 590 MW is presently operational Gardabani Unit 10 (300 
MW) is presently under re-construction and is scheduled for startup in 1999 Much of the equipment is 
the oldest ~n the former Soviet Union, wth  half of the units over thirty years of age Present condition 
and performance of the existing thermal stations is shown in Table 2 

Fuel Reference parameters 

Thermal capacity of natural gas 35 598 MJIcu M 
Thermal capac~ty of mazut 39 801 MJIcu M 
Thermal capacity of convenbonal fuel 29 330 MJIcu M 

Convenbonal fuel consumphon rate gkWh 

Table 2 Current Condlt~on of Exlstlng Thermal Generahng Unlts 

Name Current Fuel Rate Capacity Availability Measures 
Of Cond~tion Consumpbon Factor % for 

Unit Gas Mazut % Rehabilitation 
CuMikWh g m  

Gardabani 
No 1 Out of order 0 0 - - Decommission 
No 2 Out of order 0 0 - Decomm~ssion 
N o 3  Worlung 0437 391 61 0 88 7 Needs repairs 
No 4 Out oforder - - - - Planned 75% repairs 
No 5 Out of order - - - - Needs 85% rebuild 
No 6 Out of order - - - - Needs 85% rebu~ld 
No 7 Out of order - - - - Needs 85% rebuild 
N o 8  Worlung 0437 391 61 0 88 7 Needs repairs 
N o 9  Worlung 0398 356 55 1 87 1 Needs minor repairs 

10 Out of order - - - Startup December 1998 

Tb~lisi TES 
No 1 Worlung 0 621 556 63 7 89 5 Needs minor repairs 
No 2 Out of order - - - - Needs major repairs 
No 3 Worlung 0 621 556 63 7 89 5 Needs minor repairs 

Rustavl TES 
No 1 Out of order - - Needs 100% rehab 
No 2 Not worlung - - - Needs 65% repairs 
No 3 Notworlung - - - Needs 75% repairs 
N o 4  Worlung 0401 358 82 3 85 0 Needs minor repairs 
No 5 Not worlung - - - Needs 75% repairs 
No 6 Not worlung - - - Needs 75% repairs 

Tkvarcheli 
No 1 Not worlung - - - Unknown 
No 2 Not worlung - - Unknown 
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3 Potentla1 Rehabihtat~on and Re-powermg Projects 

Several possible projects have been idenbfied for rehabilitat~on or re-powenng of units at Gardabani, 
Rustavl and Tbilisi TES to restore and increase generating capacity and increase operating efficiency 
Table 3 Lists estimates of capital and operating costs for rehabilitation of all of the thermal units 

Gardabani Thermal Electnc Power Plant 
Base load power IS presently produced by two old steam turblne unlts No 2 and 8 (capacity about 130 
MW each) and a new 300 MW supercntical unit No 9, when natural gas andlor mazut can be 
purchased The two old units are in poor condition and have low efficiency Unit No 10 is presently 
being rebuilt However, there mll still be a need for additional generabon capacity 

Although it is possible to rehabilitate the older units, the effic~ency would only be about 29%, wth  
high specific fuel consumption, wthout any gain in power It is proposed to reconstruct one or more of 
these old units as combined cycle power plants The exishng obsolete boller would be removed and be 
replaced with a heat recovery boiler and gas turbine generator The exisbng Kharkov K-160-130 steam 
turbine would be replaced wth  a new upgraded replacement installed on the exisbng pedestal 

Unit output would be more than doubled, with efficiency over 50% New unit life would be 25 to 30 
years, compared to about 15 years for only rehabilitahon of old units The advantage of re-powemg is 
significant cost savings by using exisbng auxiliary equipment and infrastructure Two alternate heat 
balances are presented, Figure 2 for standard GE STAG 109FA and Figure 3 for GE STAG 109FA 
and a new Kharkov K-160-130 steam turbine Figure 4 is the steam and gas expansion diagram for the 
cycle Table 4 presents a companson of different gas turbines evaluated for re-powemg Figure 5 is 
the ongnal heat balance of the Kharkov K-10 130 steam turbine generator cycle typical for Gardabani 
Units 1 through 8 

Rustavl Metallurgcal Mill Power Plant 
Visits were made to the power plant to meet w th  the Director, Deputy Director, Chief Engneer and 
other staff engineers to make assessments of the equipment and gather information Tables 1 and 2 
give general descnptions and condibon of the units Five of the six units are condensing units One 12 
MW unit No 4 is a backpressure turbine and presently operates for process steam and heat Figure 6 is 
a general schematic diagram of the power plant The power plant is interconnected to Gardabani by 
way of a 110 kV transmission line from the swtchyard It was reported that all turblne generators but 
No 6 are in workmg order ready to operate if fuel can be purchased Table 5 presents cost estimates of 
maintenance repairs required to rehabilitate the equipment, mostly for the boilers 

Unit No 6,50 MW Turbine had new HP and LP rotors ~nstalled in 1989 However, the unit needs new 
electncal controls, and the condenser needs to be re-tubed The total estimated cost to repair all 
boilers, turbines and water treatment systems was eshmated by the plant to be about $2 5 million for a 
total capacity of about 149 MW Although the units would be lower efficiency of about 24% with a 
higher spec~fic fuel consumpbon and shorter remalnlng hfe, ~t could be a cost effectwe means to add 
generabon capacity quickly in the short term 

The No 6 - 50 MW Steam Turbine Generator is in fairly good condition and can be considered for re- 
powering with a gas turbine generator and heat recovery boiler as a combined cycle unit Power output 
could be almost tnpled to about 150 MW wth  unit life extended to 30 years, and efficiency of about 
50%, compared to old units rehabilltabon life extension of about 15 years and efficiency of about 
24% 

Tbilisi Thermal Electnc CHP Station 
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A detailed study was performed to evaluate several alternates to rehabilitate or re-power this facility 
whlch 1s located in the center of Tbillsl Results of the study and analysis were included m the final 
Report for USAID Delivery Order No 11 as part of the distnct heating systems rehabilitation 
assessment 

An immediate to short term project would be to spend about one milllon dollars per year for a few 
years for maintenance and repalr works to rehabilrtate the botler, turbines and auxiliary equipment In 
order to generate 18 MWe of power A longer-term solutlon 1s to replace the exlsting TES with a new 
high efficiency gas turblne combined cycle comblned heat and power plant The existing electr~c 
transmlsslon substation could handle up to 80 MWe Alternative conceptual deslgns and cost estimates 
have been developed 

The Tbllisi Combined Heat and Power (CHP) plant Thermal Electnc Station (TES) is a significant 
power generation and distribution slte for the city because it serves as a primary substation with 18 
feeders to the city grid The feeders supply power to high pnority consumers such as the Parliament 
bullding, Ministers Cablnet, opera house, national stadium, hospitals, schools, banks, etc The present 
CHP capacity IS 18 MWe and the transmlsslon substation provldes 45 MWe to the city gnd The total 
capacity of the 6 kV City ltnes and 35 kV grid lines IS 80 MWe In case that the TES 1s reconstructed 
with increased capaclty In the future 

Tkvarcheli, Abkazia Thermal Electnc Statlon 
There are two unlts with 120 MWe steam turblne generators suppl~ed with steam from two boilers 
designed to bum coal The unlts are fairly new, being started up in 1978 and 1984, with low operating 
hours It is reported that the plant sustained substantial damage from bombing dunng the 1993 
Abkazia civil war, and has been shut down ever since Very l~ttle other information IS known about 
this power plant since ~t IS located m Abkazla and no one has been able to inspect ~t Whenever there 
is a political settlement, this power plant could be considered for rehabilitation or re-powenng 

Other Miscellaneous Power Plants 
There are many ex~sting distrlct heating thermal stations In cit~es throughout Georgia that could be 
considcred for re-powenng as combined heat and power (CHP) plants, whlch could contribute to 
reduc~ng the power deficlt and at the same hme lmprovlng fuel utll~zat~on efficiency However, these 
were not constdered for this study Several stations in Tbillsl were evaluated for USAID Delivery 
Order No 11 for rehabilitation of distr~ct heatlng thermal statlons There are also thermal heatlng 
stat~ons in Kutaisi, Tavoli, Batumi, etc that could be candidates for re-powering to add co-generation 
of electrlc power and increase efficiency of he1 utllizatlon 

4 Potentla1 New Thermal Power Plants and Statlon Expans~on Projects 

Gardaban1 U n ~ t  1 1 - New 400 MW Gas Turbine Combined Cycle Unlt 
For the purpose of thls study, a 400 MW GE STAG 9F Single Shaft arrangement is proposed The 
plant will consist of a gas turbine, a steam turbine generator, a generator and other associated 
equipment and systems The power train is in a single-shaft arrangement, with the gas turbme, steam 
turbine and generator mounted on a common shaft The single shaft arrangement is selected for ~ t s  
deslgn and operating slmpllclty, lower cap~tal cost, more compact arrangement and higher rel~abil~ty 

Typ~cal performance of a single shaft combined cycle power plant IS shown in Flgure 7 heat balance 
for the unlt The heat Balance is based on a gross comblned cycle output of 400 MW at the generator 
terminals This figure 1s based on the combustion turblne equipped wlth Dry Low NOx combustors 
finng natural gas at I S 0  conditions Based of these assumptions the total heat consumption is 
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approximately 606 x 10E6 kcaVhr on a lower heating value basis The exhaust temperature of the 
combustion turbine is sufficiently high to allow the use of the most efficient three-pressure reheat 
steam cycle The heat balance diagram is based on the steam from the LP turbine bemg condensed in a 
deaerating condenser at a pressure of 30 5 mm HgA It should be noted that deaeration of the 
condensate can also be done by returning it from the condenser to a deaerator integral to the HRSG 

Condenser pressure wills vary throughout the year depending on the circulating water temperature that 
will affect the output of the steam turbine Similarly, the output of the combushon turbine and that of 
the combined cycle w11 be affected mostly by the ambient air temperature 

At IS0 ambient condibons the following performance figures are estimated 

Gross Output 400,000 kW 
Auxiliary Power Requirements 5,700 kW 
Net Plant Output 394,300 kW 
Heat Consumptron (LHV) 606 2 x 10E6 kcaVh 
Gross Heat Rate (LHV) 1515 kcaVkWh 
Net Plant Heat Rate (LHV) 1537 kcal/kWh 
Net Plant Efficiency (LHV) 55 9% 

Based on the above performance figures the specific fuel consumptron would amount to about 220 
g k w h  

The operating statistics of comblned cycle units indicate that modem combined cycle units can be 
expected to have an availability of about 90 percent Plant reliability figures are in the range of 96 to 
99 5 percent Operating experience also indicate that single-shaft combined cycle systems generally 
have slightly higher plant reliability and availability than multi-shaft combined cycle systems This 
can be attributed to the relative simplicity of control and operation and proper maintenance practices 

The gas turblne combusbon inspecbon interval is usually 8,000 hours which coincides w~ th  the annual 
HRSG inspection at one-year intervals for a base loaded plant The hot gas path inspection, which is 
usually performed at every 16,000 to 24,000 hours, also coincides w th  the combusbon mspechon and 
the HRSG inspection The major inspect~on of the gas turbine is usually performed at every 48,000 
hours, and this coincides with the recommended steam turbine major inspection, generator rotor 
inspection, and HRSH inspecbon 

The existing switchyard wl l  be upgraded and be used to interconnect the new combined cycle facility 
to the Georgian gnd The existing coolmg towers w11 be rehabilitated, new pumps and circulating 
water system installed A new boiler water treatment system is included 

The following cost data is taken Erom a recent proposal for a similar combined cycle power plant for a 
project in Azerbaijan, which is assumed to be representabve for the condibons in Georgia 

Table 8 EPC Turnkey Cost Estimate STAG 109F 400 MW Comb~ned Cycle 
1997 $1000 US 

ITEM 
Civil and Architectural 
Gas Turbine, Steam Turbine, Electnc Generator 69,260 
Heat Recovery Steam Generator 15,155 
Piping, Accessones, and Insulation 8,701 
Fuel Supply 1,157 
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Water Treatment 
Other Mechanical 
Major Electrical Equipment 
Other Clectrical 
Instrumentat~on and Controls 

Total Directs 
Indirect and General Expenses 

Total Directs and Indirects 
Engineenng Services 

Total Direct, Indirects and Engineenng Semces 
Contingency (at 8 0 %) 

Total EPC Turnkey Pnce 
Total Cost per Kilowatt, (excluding Owner's costs and IDC) 

Table 9 STAG 109F 400 MW Comb~ned Cycle Fixed and Varlable O&M Costs 
1997 $1000 

O&M Item Total Fixed Cost Vanable 
Plant Staff 84 84 
Maintenance Materials 3078 1538 1538 
And Major Overhauls 
Consumables 580 5 80 
Site Overheads 830 830 

Total 4569 2452 21 18 
Fixed O&M, $/kW/yr (1) 6 13 - 
Vanable O&M, $/MWh (2) - 0 71 

(1) Based on a plant nominal capacity of 400 MW 
(2) Based on plant capacity factor of 85% 

Tkibuli 125 MW Coal fired Circulating Fluidized Bed (CFB) Power Plant 

There have been several studies and proposals for rehabilltabon of the Tkibuli coal mines near Kutaisi, 
and proposals for building a coal fired Circulating Fluidized Bed (CFB) boiler power plant 

For purposes of this study, a new unit would consist of a 125 MW steam turbine generator, with 
balance of plant equipment and two half-size circulating fluidized bed (CFB) combustion boilers The 
new unit would be located at the site of a previous boiler plant 

Each boiler is a single drum, natural circulation unit, of two-stage solid collection design, with forccd 
draft and induced draft fans The coal feed system includes a hammer mill crusher with volumetric 
feeder and screw feeder Limestone is dned in a rotary dryer, crushed in a vertical spindle roller screen 
mlll and conveyed pneumatically to the furnaces A fabnc filter controls particulate emissions 

The 125 MW turbine generator is a K- 125/115-12 8 NPO "Turboatom" machine manufactured by 
Kharkov Turbine Works Its nominal output is 125 MW as indicated by its designation The technical 
charactenstics of the new turbine are shown in Tables 6 and 7 and Figures 8,9 and 10 The turblne is 
adaptable to generating hot water for local heating of the plant and its domestic water needs However, 
the performance data presented here is based on full condens~ng mode of operation 
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The turblne performance as a function of main steam flow is shown in Figure 8 This figure shows that 
the turbine main steam flow at the 125 MW turbine output is 435 T/H At this nominal load the turbine 
gross heat rate IS 2042 kcal/kWh 

Net power output fiom the unit and net unit heat rates were determined for vanous loads between 
100% and 40% Based on previous expenence with fluidized bed units, an auxiliary load of 8 5% was 
used for the full load condition Based on information provlded by CFB boiler manufacturers, an 
efficiency of 86% was used for the 100% load point 

Based on the above figures, the full load net unit output is 114 4 MW, and the resulting net unlt heat 
rate is 2595 kcal/kWh This corresponds to a net unit efficiency of 33 1% 

The outline drawng for this turbine is shown in Figure 9 As can be seen, the unit consists of a HP 
section and a double flow LP section There are four extraction points on the HP section The first 
three provide extraction steam for the high pressure regenerative feedwater heaters and the deaerator, 
and the fourth is taken fiom the exhaust end of the HP cylinder for the low pressure heater number 3 
Extrachon steam for the remaining two LP heaters is provlded fiom the LP section The overall 
dimension for the turbine is 12,075 mm 

The balance of plant equipment includes a condenser, six feed water heaters, necessary pumps, piping 
and controls The turbine will be furnished as a package, including the condenser, main steam stop 
valves, control valves, controls, lube oil tanks and coolers, extracbon check valves, safety dev~ces, 
ejectors and turblne turning gear with electnc motor 
Power w11 be sent to a new swtchyard, which will tie into a 110 kV transmission near the new site 

A new make-up water treatment system is required to provide hgh  quality water for the 127 bar 
bo~lers The system consists of a clarifier, filters, reverse osmosis, and mixed bed demineralizers A 
typical water treatment system is shown in Figures 11 and 12 
The total budgetary project cost for the new power plant IS estimated as follows 

C~vil/structural work 
Two CFB Boilers 
Turbine and balance of plant equipment 
Instrumentation and controls 
Environmental systems 
Electncal equipment 
Fuel handling system 
Cooling towerlc~rc water system 
Site construction services 
Engineenng and construction management 16,000,000 
TOTAL (excluding Owner's costs and IDC) 129,000,000 
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CIS Labor equ~pment manufacture, and mater~al supplies represents 
about $70,000,000 of the total project costs shown above 

Maintenance Schedules 
1 M~nor preventive maintenance 13 days per year 
2 Intermediate repalrs 25 days per year 
3 Capital or major overhaul 120 to 120 days per 4 years 

Unit forced outage rate 4% 
rixed O&M costs $12/kW/yr 
Variable O&M costs $ 3fMWh 
Coal costs $34/metnc ton 

4 Attachments 
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Descr~pt~on of the M a ~ n  Power Equ~pment 
Installed at Rustav~ Thermal Power Plant 
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x 
b~ 

Station number and type 
of boiler 
System 

Manufacturer 

Production date 
Date of operation start-up 
Steam production 
capacity, tonlh 
Steam pressure (atm ) 
and temperature OC 

B N o  1 

No 1 
3-drums 

Vert 
water-tube 
steam 
boiler 

"Stirling", 
England, 
Senal 
No 2884 

1946 
I- 1949 
9011 10 

32 5 
425 

B No 2 

No 2 
Vert 

Water- 
tube 
3-drums 
steam 
boiler 
"Stirling", 
England, 
Senal 
No 2885 

1946 
I- 1949 
9011 10 

32 5 
425 

B No 3 

No 3 
77 150 

1 drum 
Water-tube 

"Krasni 
Kotelshik", 
Taganrog, 
Senal No 
22 
VII-1948 
IX-1951 
150 

3 4 
420 

B N o 4  

No 4 
77 150 

1 drum 
Water-tube 

"Krasni 
Kotelshik", 
Taganrog, 
Senal No 
19 
1953 
1955 
150 

3 4 
420 

B N o 5  

No 5 
77 170 

2-drums 
vert 
water-tube 

"Krasni 
Kotelshik", 
Taganrog, 
Senal No 
92 
1955 
111-1 956 
170 

110 
510 

B No 6 

No 6 
77 170 

water-tube 
with 
gravity 
flow circul 

"Krasni 
Kotelshik", 
Taganrog, 
Senal No 
116 
X-1956 
X-1958 
170 

110 
510 

B N o 7  

No 7 
777 153 

water-tube 
with 
gravity 
flow circul 

"Krasni 
Kotelshik", 
Taganrog, 
Senal No 
115 
IX-1961 
11- 1962 
220 

115 
540 

B N o 8  

No 8 
777 153 

ldrum 
Vert 
Water-tube 

"Krasni 
Kotelshik", 
Taganrog, 
Senal No 
143 
X- 1962 
VIII- 1964 
220 

115 
540 
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No 3 
77 25 1 

LMZ 
Senal No 343 

1939 
111- 1 960 
2 5 
3000 

29 
400 
T-2-25-2 
"Electrosrla", 
St Petersburg 
Senal No 
840541, 
1939 

No 4 
7 12 901317 

Kaluga 
Turbine Plant 

1982 
IX- 1985 
12 
3000 

90 
535 
T-12-2Y3, 
Llsva turblne 
generator plant 

Station number and type of 
turb~ne 

Manufacturer 

Production date 
Date of operation start-up 
Rated capac~ty, MW 
Rotations per m~nute 
Steam parameters 
pressure (atm) and 
temperature (OC) 

Generator type, 
manufacturer, Senal No , 
production date 

No 5 
777 25 3 
1 drum 

Ural turbine 
Senal 
No 24050 

1955 
VI- 1956 
25 
3000 

90 
500 
777 25 
Kharkov 
electrical 
equipment 
plant, 
No 1206, 1955 

No 1 
AT- 12 
active, heat 
supply 
Thomson- 
Gauston, 
England, 
SenaI No 
K2529 
1945 
I- 1 949 
12 
3000 

29 
400 
777 77 121, 
company BTH, 
England, 
No R197088 

No 6 
77 60 9011 3 
2 drum 

LMZ 
Senal No 748 

196 1 
XII- 1 962 
60 
3000 

90 
535 
TB-60-2 
P 0 Box 240 
St Petersburg 
Senal 
No 02854, 
1961 

No 2 
77 25 2 

LMZ 
Senal No 928 

1950 
IX- 195 1 
2 5 
3000 

29 
400 
T-2-25-2 
"Electrosrla", 
St Petersburg 
Senal No 
13620, 
1950 
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Station number and type of turbine 

Manufacturer 

Senal number and production date 

Date of operation start-up 
Rated capacity 
Rotations per minute 
Steam parameters 
pressure (atm) and temperature (OC) 
Compressor type 
Senal number and production date 

Manufacturer 

Capacity 
Parameters (final pressure) 
Rotations per minute 

3 
AKB-6-V 

(1 cylinder) 
Neva Machine- 
building plant, 
St Petersburg 
244 
1954 
IV-1955 
7100 kW 
3450 
29 atm 
4 0 0 ' ~  
1700-41-1 
338 
1954 
Neva Machine- 
building plant, 
St Petersburg 
1700 m3/min 
3 atm 
3000 

4 
AKB-6-V 

(1 cylinder) 
Neva Machine- 
building plant, 
St Petersburg 
287 
1955 
11-1957 
7100 kW 
3450 
29 atm 
4 0 0 ' ~  
1700-41-1 
56 1 
1955 
Neva Machine- 
building plant, 
St Petersburg 
1700 m3/min 
3 atm 
3000 

2 
AKB- 12-V 

(condensing) 
Enterpnse "Neva 
plant" 

614 
V- 1978 
IV-1981 
1 1600 kW 
3400 
35 atm 
435Oc 
K-3250-42- 1 
6029 
V- 1978 
Enterpnse "Neva 
plant" 

2700 m3/min 
4 5 atm 
3400 

1 
AKB- 12-V 

(condensing) 
Enterpnse "Neva 
plant" 

615 
1978 
1986 
11600 kW 
3400 
35 atm 
4 3 5 ' ~  
K-3250-42-1 
6030 
1978 
Enterprise "Neva 
plant" 

2700 m3/min 
4 5 atm 
3400 
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The slte Mt Sabuetl IS located on terrltory of Georgla and has the following geographical 
coordinates 

Elevation 1248 M, 
Latltude 42' 2', N, 
Longitude 43' 25', E 

According to long-term (1 940-1965) measurements of wlnd data, whrch have been carrled out 
wlth the help of Vlld's vane (see a Flg I 1) and published In 1968, average annual wrnd speed IS 

9 2 m/s However taklng Into account the more late and unpublished data (1965-1992), In the 
total we receive the smaller value 7 5 m/s In any case the slte Mt Sabuetl has hlgh wlnd 
potentla1 Therefore slnce August, 1996 till May, 1997 ENECO has carr~ed out the addltlonal 
express-measurement of wlnd data (wrth the help of the Amerlcan electronrc Instrument NRG 
Systems Logger 9200 Plus, see Flg 1 2) for clarlficatlon of the early measured data The results 
of these measurements (1996-1 997) become a basls of represented below calculat~ons Also 
were used wlnd data, whrch were measured w ~ t h  the help of V~ld's vane for the same 
per~od 

Defrn~t~ons of seasons, wh~ch were used In calculat~ons 
Season I December, 1996 - March, 1997 
Season I1 April, 1997 - July, 1997 
Season Ill August, 1997 - September, 1997 
Season IV October, 1997 - November, 1997 

Defrnltrons of Wrnd Shear Factor C, whrch were used In calculat~ons 
V2 = C*VI, C = (H21Hl)a, 

where VI- wlnd speed on flrst level, V2- wlnd speed on second level, HI - he~ght of 
flrst level, HZ - he~ght of second level, a - factor from NRG Systems data 

[ Cut ~n wlnd speed, m/s 14 14 ( 5 

The main parameters of turbrnes, whrch were used rn calculatrons 

Rated power, kW 

Number of lost (patched) wind data 
(In hours and %) 

Cut out wlnd speed, m/s 
Helght of turbrne hub, m 

Turblne 1 
1500 

25 
60 

Season 1 
Season II 
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Turb~ne 3 
750 

Season Ill 
Season IV 
SUM 

Turblne 3 
250 

25 
40 

23 
30 

lclng 

TOTAL 2040 hours 23 4 % 

0 
0 
504 

hours 
504 
0 

The unforeseen stop 
% 
5 8 
0 

hours 
0 
408 

-- 

0 
0 
5 8 

YO 
0 
4 7 

552 
576 
1536 

6 3 
6 6 
17 6 
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Fig I I Vild's vane 

I - the flat metal panel, 2 - a motionless framework, have seven pins for determ~nat~on 
of a wlnd speed on angle dev~at~ons of the flat panel, 3 - a vane with two blades, 4 - 
e~ght mot~onless pins for the ind~cat~on of a w~nd dlrect~on 
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Results of calculations made on the basls NRG Systems data 

Frequency of measurements each two seconds 
Interval of averagrng one hour 

Table 1 I Season wlnd speed In m/s (at 20 M he~ght) 

Season I Season II Season Ill Season IV Annual 
5 65 5 24 5 32 5 81 5 51 

Table 1 2 Season Electr~c Power Production In kwh 

Turblne 1 
O 8 o f a  
O 5 o f a  

Turb~ne 2 
O 8 o f a  
O 5 o f a  

Turblne 3 
O 8 o f a  
O 5 o f a  

Season l 
2 1 1 E+06 
1 80E+06 
1 34E+06 
7 1 1 E+05 
6 20E+05 
4 90E+05 
2 00E+05 
1 82E+05 
1 57E+05 

Season l l  
2 61 E+06 
2 18E+06 
1 43E+06 
7 90E+05 
6 51E+05 
4 67E+05 
2 00E+05 
1 76E+05 
1 43E+05 

Season Ill 
1 53E+06 
1 26E+06 
7 87E+05 
4 48E+05 
3 60E+05 
2 45E+05 
I 04E+05 
8 99E+04 
7 15E+04 

Season IV 
1 38E+06 
1 12E+06 
7 40E+05 
4 03E+05 
3 38E+05 
2 53E+05 
1 05E+05 
9 49E+04 
8 02E+04 

Annual 
7 63E+06 
6 36E+O6 
4 30E+06 
2 35E+06 
1 97E+06 
1 46E+06 
6 09E+05 
5 43E+05 
4 52E+05 

Table 1 3 The average Wlnd Shears 

Season I Season II Season Ill Season IV Annual 
Turbrne 1 1 92 2 30 2 57 2 00 2 20 
Turblne 2 1 51 1 69 1 82 1 55 I 64 
Turb~ne 3 1 27 1 36 1 42 1 30 1 34 
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Table I 4 D~urnal Energy Production In kwh, Turbine 1 
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Table I 5 Diurnal Energy Production In kwh, Turb~ne 2 
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Table 1 6 Dlurnal Energy Production In kwh, Turblne 3 
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1 2 Results of calculat~ons made on the bas~s Vlld's vane data 

Frequency of measurements 
Interval of averaging 

each three hours 
two m~nutes 

Table 2 1 Season w~nd speed In mls (at 10 M he~ght) 

I Season I 1 Season II 1 Season Ill 1 Season lV 1 Annual 

Table 2 2 Season Electrrc Power Productron In kwh 

Table 2 3 The average W~nd Shears 

Annual 
6 25E+06 
6 16E+06 
4 64E+06 
283E+06 
2 47E+06 
1 72E+06 
8 91 E+05 
7 69E+05 
5 55E+05 
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Season Ill 
9 73E+05 
I 05E+06 
8 21 E+05 
472E+05 
4 23E+05 
3 02E+05 
1 49E+05 
1 36E+05 
9 94E+04 

Season II 
2 11E+06 
2 14E+06 
1 59E+06 
100E+06 
8 63E+05 
5 82E+05 
3 11E+05 
2 63E+05 
I 84E+05 

Turbine 1 
0 8 of a 

0 5 of 
Turbine 2 

0 8 of a 
0 5 of a 

Turbine 3 
0 8 of a 

0 5 of a 

Annual 
3 66 

Turb~ne 2 
Turbine 3 

Season IV 
1 08E+06 
I 02E+06 
7 26E+05 
465E+05 
3 97E+05 
2 63E+05 
1 48E+05 
1 22E+05 
8 44E+04 

Season l 
2 09E+06 
1 95E+06 
1 50E+06 
889E+05 
7 85E+05 
5 72E+05 
2 83E+05 
2 48E+05 
1 87E+05 

Season IV 
3 11 

r 

Turbine I 
2 28 
1 92 

Season II 
3 93 

Season l 
2 91 

Season Ill 
4 67 

2 87 
2 30 

3 29 
2 57 

2 55 
2 00 

2 75 
2 20 
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Table 2 4 Dlurnal Energy Product~on In kwh, Turblne I 

Table 2 5 Drurnal Energy Product~on in kwh, Turblne 2 

Table 2 6 D~urnal Energy Productron rn kwh, Turblne 3 
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DIURNAL ELECTRIC POWER PRODUCTION GRAPH 
Turbine 1, 1 5 MW 

I t I ~ e a s o n  l =Season I1 OSeasan Ill Season lV / 

Hours 

Fig 2 1 

DIURNAL ELECTRIC POWER PRODUCTION GRAPH 
Turb~ne 2,750kW 

? *- * N V )  OD ¶- 

9 Eo, 7 rl 7- '= N- "I 
T- w' I- w I- 0 m 

T: 7- 7. "I 
0 F? 
r 7 
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Hours 
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DIURNAL ELECTRIC POWER PRODUCTION GRAPH 
Turbtne 3,250 kW 

I Season I I Season 11 17 Season 111 I7 Season IV 1 

Hours I 
I 

SEASON ELECTRIC POWER PRODUCTION GRAPH i 
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The submitted above calculations were executed by the order of Georgian representation of 
Burns and Roe Enterprises, Inc for thelr use In model of forecasting of Georgian power sector 
The specificity of the executed calculat~ons does not allow real~zat~ons of the complete-scale 
analysis of Mt Sabuet~ wind resources within the framework of the submitted here report We 
were not set by such purpose However now ENECO heav~ly studies th~s problem 

@ lnternatlonal Energy Centre ENECO 

16, Rustavell Ave , Tb111sl 380008, Georg~a 
TellFax (+995 32) 93 34 99 
E-mall eneco@access sanet ge 
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Transm~ss~on System Analys~s Results and Project Schedules 

The following pages contaln the detalled results of the base case load flow slmulatlon 
studles, and the lmplernentatlon schedules for transmtsslon system ~mprovements 

Note The lmplementatlon schedules were prepared on the baas of establlshlr 
tlrne needed for project cornpletlons They do not represent proposals or recomrn 
for actual project lmplementatlon 

Rastr Results 
2005 Wlnter Peak Base Case Compared with 2005 Wlnter Peak Base Case 

IZestaphonr - Mollt~ 514  1 763  1 249 1 

~g the least 
endatlons 

Final Report 
Volume 2 Appendix 9 Page 2 September 1998 



Georgia Elect~.icity Sector Least Cost Development Plan 

- 

Rastr Results 
2005 Wrnter Peak Base Case Compared wrth 2005 Wrnter Peak Base Case 

Molrtr - Khashurr 
Khashurr - Gorr 
Gorr - Ksanr 
Ksanr - Gldanr 
Gldanr - Varketrlr 
Gldanr - Rustavr 
Varketrlr - Navtlughr 
Navtlughr - Kharamr II 
Navtlughr - Gardabanr 
Ksanr - Lrsr 
Lrsr - Drdube 
Lrsr - Marnenlr 
Marnenlr - Gardaban1 
Gardabanr - Rustavr 
Rustavi - Gurjaanr 
Gurjaanr - Telavr 
Telavr - Zhrnvalr 
Gurjaanr - Dedoplrstskara 
Gardabanr - Dedoplrstskara 

wrth Gardabanr - Akhaltsrhe 500 kV Outage 
I Base Case 1 Cont~ngency 1 D~fference I 

40 0 
87 0 
43 6 

140 5 
46 2 

-45 0 
53 9 

-19 6 
-162 3 
115 0 
79 0 

-40 9 
-129 1 
288 0 
60 7 
3 8 

-46 5 
-24 5 
65 6 

Transm~ss~on L~ne 
Enaurr - Sukhumr 

64 6 
157 7 
113 3 
183 2 
58 6 

-27 2 
-41 2 
-19 6 

-137 8 
161 6 
78 9 
18 1 

-106 1 
266 5 

55 7 
5 0 

-55 4 
-20 5 
61 4 

.Engun - Khudonr 
Engurr - Zestaphonr # I 
Engurr - Zestaphonr # 2 
Zesta~honr - Ksanr 

24 6 
70 7 
69 7 
42 7 
12 4 
17 8 

-95 1 
0 0 

24 5 
46 6 
-0 1 
59 0 
23 0 

-21 5 
-5 0 
1 2  

-8 9 
4 0 

-4 2 

(M W) 
70 4 

Zestaphonr - Akhaltsrhe 
Ksanr - Gardabanr 
Ksanr - Azerbarjan 
Gardabanr - Akhaltsrhe 
Akhaltsrhe - Turkey 

-149 8 
263 8 
172 5 
-22 7 

Bzrpr - Sukhumi 
Sokhum~ 500/220 

(MW) 
69 9 

440 4 
-20 9 

-300 0 
173 1 
600 0 

Sokhumr - Tkvarchelr 
Tkvarchelr - Vardanrlr 
Vardanrlr - Enguri 
Vardanrlr - Zugdrdr 

IMenjr - Tskaltubo -80 6 1 -82 6 1 -2 0 I 

(M W) 
-0 5 

-149 8 
266 4 
168 3 

-168 3 

-35 0 
35 1 

Vardanrlr - Ozurgetr 
Zugdrdr - Menjr 
Mengr - Engurr 

Final Report 
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0 0 
2 6 

-4 2 
-145 6 

613 9 
-1 55 1 
-300 0 

Out-of-Servrce 
600 0 

-14 9 
-12 9 
-60 5 
37 2 

173 5 
-134 2 

0 0 
-173 1 

0 0 

-35 0 
34 6 

I00 5 
15 8 

-43 0 

0 0 
-0 5 

-15 6 
-12 4 
-58 9 
36 5 

-0 7 
0 5 
1 6  

-0 7 
100 2 
15 1 

-41 6 

-0 3 
-0 7 
1 4  
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Menjr - Kutalsl 
Menjl - Ozurgetr 
Ozurgetr - Batumr 
Baturn1 - Turkey 
Tskaltubo - Kutalsr 
Kutalsl - Zestaphoni (2) 
Zestaphoni - Ch~atura 
Ch~atura - Khashurr 
Zestaphoni - Molrt~ 
Molltr - Khashurr 
Khashurr - Gori 
Gorl - Ksani 
Ksanr - Gldanr 
Gldanr - Varket~li 
Gldanr - Rustavr 
Varketllr - Navtlughl 
Navtlughl - Kharamr II 
Navtlughl - Gardaban1 
Ksanl - LISI 
Lrsr - Drdube 
LISI - Marnenlr 
Marnenlr - Gardabani 
Gardabanr - Rustavr 
Rustavl - Gurjaan~ 
Gurjaanr - Telavl 
Telavi - Zhinval~ 
Gurjaan~ - Dedopl~stskara 
Gardabanr - Dedoplrstskara 

-35 6 
165 0 
230 0 
200 0 

7 0 
72 9 

114 3 
83 2 
51 4 
40 0 
87 0 
43 6 

140 5 
46 2 

-45 0 
53 9 

-19 6 
-162 3 
115 0 
79 0 

-40 9 
-129 1 
288 0 
60 7 
3 8 

-46 5 
-24 5 
65 6 

-37 2 
165 4 
230 0 
200 0 

1 2  
69 4 
96 5 
65 8 
41 9 
30 7 
60 2 
17 0 

124 0 
41 4 

-51 9 
-58 9 
-19 6 

-171 8 
97 0 
78 9 

-49 7 
-138 1 
297 1 
62 6 
7 2 

-43 1 
-26 1 
67 2 

-1 6 
0 4 
0 0 
0 0 

-5 8 
-3 5 

-17 8 
-17 4 
-9 5 
-9 3 

-26 8 
-26 6 
-16 5 
-4 8 
-6 9 

-1 12 8 
0 0 

-9 5 
-18 0 
-0 1 
-8 8 
-9 0 
9 1 
1 9  
3 4 
3 4 

-1 6 
1 6  



REPUBUC OF GEORGIA - LEAST COST PLAN PROJECT 
Re-Stnng Ksan~ - Azerbaijan 500 kV Transm~sslon Line Construction Schedule 

ID 
1 

2 

3 

4 

5 

6 

Task Name 
Transm~ss~on Llne Schedule 

L~ne ~es .1~"  and ~ n ~ t n & i n ~  
- -  -- - -. 

- Equ~prnent procurement 
- - -  - - -  - 

L~ne r~ght-of way cleanng & construd~on 
- - 

String Conductor 

Clean Up 

99 2 
Qtr 3 1 Qtr 4 1 Qtr 1 ' Qtr 2 - 

w 
I 

I 
I 



REPUBUC OF GEORGIA - LEAST COST PLAN PROJECT / AkhalMhe - Turkey 400 W Transm~swon bne Constructton Schedule 

( Environmental Assessment and Route Seleion 

I Licenses and Permttting 

99 

- -- . I Survey and  ins layout 

2001 2000 

I Right-of way Acqulsltlon 

2 
Task Name 

/ Line Design and Engineering 

Qtr 31Qtr 4 / ~ t r  1 IQtr 2lQtr 31Qtr 41Qtr I I ~ t r  2/Qtr 3lQtr 41Qtr 1 /Qtr 2 

Equtpment Procurement 

Llne nght-of way cleanng & construd~on 

Transrn~sston Llne Schedule v 
- 

Foundations 

Erect Steel Structures 

Str~ng Conductor 

Clean Up 

Stat~on Schedule 

Engineering 8 Design 

I Equipment Procurement 

I Stat~on Construction 

( Appendix 7 page A2 September 1998 / 



REPUBLIC OF GEORGIA - LEAST COST PLAN PROJECT 1 Zhinval! - Teiaw Double Circuit 220 kV Transmlaun hoe Construction sdleduie 1 

- - -- 

Survey and L~ne Layout 

R~ght of way Acqulsltlon- - 

2001 199 

L~ne Des~gn and Engineer~ng 

2000 

~ ~ u ~ ~ r n e z  Procurement 

Task Name 
Transrn~ssmn Line Schedule 

~nv1ronmenGl ~ isessmintand ~ o " t e  sele; 

L ~ n e  n g h t i f  way clearing & construc 

Qtr3 1 Qtr4 1 ~ t r 1  I ~ t r 2  1 Qtr3 1 Qt r41Qtr l  I ~ t r 2  / Q t r 3  Qtr4 1Qtr1 

a 1 

I I 

Foundatlans 

Erect Steel structures 

Strlng Conductor 

Clean Up 

Station Schedule 

Eng~neer~ng & Des~gn 

Equ~pment Procurement 

Stat~on ConstrucQon 

Page A3 September 1998 / 
I 



REWBUC OF GEORGIA - LEAST COST PLAN PROJECT 1 Gardabani - Centmi 500 W Tranrm~sston bne Construction Schedule 

Line Design and Englneerlng 

Equlpment Procurement 
- 

L ~ n e  r~ght-of way clearlng & construct~on 

Task Name 

Foundations 

Erect Steel Structures 

Stnng Conductor 

Clean Up 

Statlon Schedule 

Englneenng & Design 

Equipment Procurement 

Stat~on Construction 

Transm~ssion Llne Schedule i 

2001 I 2 99 

I Appendix 7 Page A4 September 1998 

Qtr31Qtr41Qtrl I Q t r 2 1 Q t r 3 1 ~ t r 4 ] ~ t r l  ]Q t r21Qt r31~ t r41Qt r l  IQtr2 
2000 

Zestaphoni rn - 



Environmental Assessment and Route Sele 

REPUBLIC OF GEORGIA - LEAST COST PLAN PROJECT 
Enguri - Sokhum~ - Russia 500 kV Transmission Line Construcbon Schedule 

Llcenses and Perrnlttlng 

Task Name 
Transmlss~on Llne Schedule 

Survey and Llne Layout 

Rlght of way Acqulsltlon 

99 

Llne Des~gn and Englneerlng 

Equ~prnent Procurement 

Llne r~ght-of way cleanng & constructla 

Foundat~ons 

Erect Steel Structures 

String Conductor 

Clean Up 

Qtr 31Qtr 4IQtr 1 lQtr 2(Qtr 31Qtr 4IQtr l lQ t r21~ t r  3lQtr 41Qtr 1 ) ~ t r  2iQtr 3 

t 

2000 

Stat~on Schedule 

Englneenng & Des~gn 

Equ~pment Procurement 

Stat~on Construct!on 

2001 

I Appendu7 
Page A5 September 1998 / 

2002 



REPUBLIC OF GEORGIA - LEAST COST PLAN PROJECT / Enguri - Meny Double Circud 220 W Transrn~smn Line Construdon Schedule , 

I Transrn~ssion Line Schedule I. I 
TI I 

2000 

I Environmental Assessment and~oute  Select I I 

2001 I 

Llcenses and Permlmng 

Survey and Line ~ a ~ o u t -  

R~ght of way Acqulsltlon 

Llne Design and Englneerlng 

Task Name tr31Qtr4IQtr 1 l ~ t r 2 1 ~ t r 3 1 ~ t r 4 ( Q t r  1 /Qtr2\Qtr3 lQtr4/Qtr l lQt r2  

Equ~pment Procurement 

L~ne nght-of way clearlng & construction 

Foundat~ons 

Erect Steel Structures 

String Conductor 

Clean Up 

Statlon Schedule 

Englneerlng & Design 

Equipment Procurement 

Station Construct~on 

/ Append~x 7 Page A6 September 1998 



I 
REPUBLIC OF GEORGIA - LEAST COST PLAN PROJECT 

Engun - Zestaphoni 500 W Trarrsmiss~on hne Conshachon Schedule 
C9 2000 2001 I 2002 

Task Name Qtr 3/Qtr 41Qtr 1 lQtr 2lQtr 31Qtr 4 l ~ t r  1 IQtr 2lQtr 3lQtr 4lQtr 1 IQtr 2Qtr 3lQtr 4 
Transm~ss~on Llne Schedule 

- - -- 

Environmental Assessment and Route Select 
- 

Licenses and PermM~ng 
- 

Survey and Line Layout 

R~ght of way Acqu~s~t~on 

Line Design and Eng~neer~ng 

Equipment Procurement 

Line nghtof-way clear~ng & construction 

Foundations 

Erect Steel Structures 

String Conductor 

Clean Up 

Stat~on Schedule 

Eng~neering & Des~gn 

Equ~pment Procurement 

Stat~on Construcbon 

Engun 

Zestaphoni 

,- 

r 
I 
1 

I 

I 

I 

I 

Appendix 7 Page A7 September 1998 

I 
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L~ne Des~gn and Englneerlng 

Equipment Procurement 

REPUBUC OF GEORGIA - W COST PLAN PROJECT 1 
Re-Siring Men11 - Tskaltubo Doubie Circu~t 220 kV Transm~ssion Line 

Construchon Schedule 

Line rightsf way clearing & construction 

Str~ng Conductor 

Task Name 
Transmrssion Line Schedule 

Appendlx 7 Page A8 September 1998 

1999 

Clean Up 

2000 

I 

Qtr l  I Qtr2 I Qtr3 1 Qtr4 I Q t r l  ; Qtr2 I Qtr3 I Qtr4 - F 



REPUBLIC OF GEORGIA - LEAST COST PLAN PROJECT 1 
I 

Zestaphoni - Ch~atura - Khasurr 220 kV Transmrsslon bne Construaon , 

Task Name 
Transrnfsslon Llne Schedule 

Envlromental Assement 

Survey & Llne Layout 

R~ght of way Aqulst~on 

L~ne Des~gn and Englneerlng 

Equipment Procurement 

L ~ n e  nght-of way cleanng & construction 

Foundations 

Erect Steel Structures 

Stnng Conductor 

Clean Up 

Station Schedule 

Eng~neenng & Deslgn 

Equ~pment Procurement 

Statton Construction 

2000 2001 
ltr 3 1 Qtr 4 1 Qtr 1 / Qtr 2 1 Qtr 3 I Qtr 4 

I 

Page A9 September 1998 



REPUBLIC OF GEORGIA - LEAST COST PLAN PROJECT 1 Zestaphonl- Central 500 W Transmmsslon b n e  bnstrucbion Schedule I 
199 

Foundations 

Erect Steel Structures 

Strlng Conductor 

Clean Up 

2000 

Llne Destgn and Engineer~ng 

Equ~pment Procurement 

Line right-of-way clearing & construction 

Station Schedule 

Eng~neenng & Deslgn 

Equipment Procurement 

Stat~on Construcbon 

I Appenda7 
Page A1 0 September 1998 ( 

Task Name 
Transmission Line Schedule - Qtr3 I Qtr 4 I Qtr I I Qtr 2 / Qtr 3 1 Qtr4 I Qtr 1 

I 
I 



REWBUC OF GEORGIA - LEAST COST PLAN PROJECT 
Re-Stnng Zestaphonl - Kashun One C~rcuff 220 kV Transmss~on Line 

Constructron Schedule 

I Llne D e s ~ g n  a n d  Englneenng I I I 

Task Name 
Transm~ss~on Line Schedule 

Equ~pment  Procurement 

Llne r~ght-of way clear~ng & construdlon 

I Appendu7 
Page A1 1 September  1998  I 

1999 2000 1 

Q t r l  I Q t r 2  / Q t r 3  I Qtr4  ( Q t r l  I Q t r 2  1 Q t r 3  I Q t r 4  - i 

1 



REPUBLIC OF GEORGIA - LEAST COST PLAN PROJECT 1 
Re-String Zestaphon~ - Kutalsi One Circuit 220 kV Transmlssron L~ne 

Constructron Schedule 1 

I Llne Deo~gn and Englneerlng I h 
Equipment Procurement 

L ~ n e  r~ght-of way clearlng &constructlon I 
I 

j 
I 

- 

Strlng Conductor 

Clean Up 

1999 2000 
Task Name 
Transmtsslon Llne Schedule 

Qtr1 Qtr2 I Qtr3 I Qtr4 I Qtr l  I Qtr2 / Qtr3 ' Qtr4 - 



IPM Model - Tabulated Results 





Ceorgla Electncih Sector Least Cost Development Plan 

Georgia Base Case m e r y  Year 9/26/98 
Rcglonal -ry Report 

1 Reserve Margin Capacity [WWl 
Plus F i m  Purchases [&'I 

Total Resents Margin Capacity [Xi?] 

2 System Peak Load [MI1 
Plus Firm Sales  IHWl 

System Net Demand [ W I  

3 System Reseme Margin [%I 

4 Generatian f-I 
I n t e r  Region h a n d a s i o n  [GWhl 
Plus Purchases 1-1 
Less Sales  [-I 

5 Total Supply f o r  Dcmand t-I 

6 Projected Damand l-I 
Energy Not Served [GWhl 

Net Demand IGWhl 

7 Dumped Energy [GWhl 

8 Total Supply fo r  Damand [Gkih] 
Less TU) Losses IGWhl 

9 Total Sales 1-1 

Region System Paget 1 1 09 /30 /98  

Frnal Report 
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Georg~a E l e c t r ~ c ~ h  Sector Least Cost De\elopment Plan 

Georgia Base Case -cry Year 9/26/98 
Regional -ry Report 

Capacity Avoided Costs IOSS/kW/al 

Capacity Avoided Costs IUSS/kW/al 

10 Capacity by Plant m e  IMWI 

Coal 
Oil/Gas Steam 
Hydro 
Combined Cycle 
Gas Turbine 
Renewable 
CHP Steam Cycle 

Total 

10 Capacity by Plant Type [HWI 

Coal 
Oil/Gas Steam 
Hydro 
Combined Cycle 
Gas Turbine 
Renewable 
m p  steam cycle 

Total 

11 Capacity Additions and Changes 
by Plant Type [ml 

Coal 
Oil/Gas Steam 
Hydro 
Combined Cycle 
Gas Turbine 
Renewable 
CHP steam Cycle 

Total 

11 Capacity Additions and Changes 
by Plant Type IMWl 

Coal 
Oil/Gas Steam 
Hydro 
Combined Cycle 
Gas Turbine 
Renewable 

Region Systea Page 1 3 09/30/98 

F~nal  Report 
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Georg~a Electric~ty Sector Least Cost Development Plan 

Georgia Base Case Every Year 9/26/98 
Regional Summary Report 

11 Capacity Additions and Changes 
by Plant Type [MWI 

M P  Steam Cycle 

Total 

12 Generation by Plant Type [GWhl 

Coal 
Oil/Gas Steam 
Hydro 
Combined Cycle 
Gas Turbine 
Renewable 
CHP Steam Cycle 

Total 

12 Generation by Plant Type [GWhl 

Coal 
Oil/Gas Steam 
Hydro 
Combined Cycle 
Gas Turbine 
Renewable 
CXP Steam Cycle 

Total 

Generation by Plant Type [PJI 

Coal 
Oil/Gas Steam 
Hydro 
Combined Cycle 
Gas Turbine 
Renewable 
CHP Steam Cycle 

Total 

Generation by Plant Type [PJI 

Coal 
Oil/Gas Steam 
Hydro 
combined Cycle 
Gas Turbine 
Renewable 
Clip Steam Cycle 

Total 

Region Pager 
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Georg~a Electrlclty Sector Least Cost Development Plan 

Georgia Base Case Every Year 9/26/98 
Regional Summary Report 

16 Emissions 

NOX [kt] 
TSP [kt] 
C02 [ M t l  
Carbon [Mt] 
WER [ t l  

Region: Syatem Pages 1 6 09/30/98 
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Georgla ElectnclQ Sector Least Cost Debelopment Plan 

Georgia Base Case Xvay  Year 9/26/98 
Rasourca Purchases and Sales by Season and Plant 

Region Syatsa Page 2 5 09/30/91 
Yeax 2002 

Capacity 
P l m t  Hare IL X Dispatch 

W I m R  
IGWhl C T Avail 

SPRING 
IGYhl C T Avail 

Total 
lGnhl C r Avail 

FJJmiZR TALL 
IGHhl C T Avail IGNhl C T Avail 

Coal 

WLROmANI 38 
W L R D M m  910 

Oil/Gas Steam 

-1 
m m 1  PsEm 1 
m m 1  REHAB 
VMU)NILI 1 
VARDNILI 1 REH 
VARDNXLI 2 4 R 
lmwoNI 1 
ATZBESI 
AIZBESI Rmm 
-TI 1 
m T I  1 Rmm 
m T 1  2 
CimUTI 2 RKlUB 
W A N U R I  
LAJ-I RKRAB 
RIONI 
RIOM RXEAB 
SHAORI 
SHAORI RKRAB 
TXIBULI 
TKIBULI RKRAB 
VARTSIKHX 1 4 
VARTSIIMg 1 4R 
JIWALI 
JIWALI RERAB 
IMRAldI 1 
K m a K 1 1  RKRAB 
IMRAldI2 
KimwI 2 RKRAB 
O R T A U  
ORTACNALA REIUI 
ZAWgSI 
ZAIIgSI RE- 

NXNZ 
HBlP 
WElP 
NVM 
NvlP 
NVZP 
HXlP 
SATZ 
S N P  
WGlI 
W W  
WG2x 
WGBP 
Wmx 
WLRP 
WRIE 
WRRP 
WSHE 
WSRP 
WTBE 
KlRP 
WVaE 
m 
CJIX 
CJRP 
LKlX 
EKAP 
EX2E 
EKBP 
EORE 
EOAP 
IZAX 
EZlP 

Hydro 1646 2042 

GARD- 40OCC EFTP 0 0 
WLROAEMJI 320CC EGOP 0 0 

Combinad Cycla 0 0 

BATOX1 GrU SBCP 45 45 

Gas ~urbino  45 4 5 

Ranaxable 0 0 

TBILISI CXP LX ETXI 0 18 

Flnal Report 

\ olume 2 Append~x 9 Page 12 September 1998 





4
 

~
w

4
0

4
4

4
w

4
n

4
m

~
w

n
d

<
w

~
m

<
d

~
o

~
d

~
~

m
~

~
~

~
 

f
 

4
w
 
w

 o
 o

 
4

 o
 

* . 
. ... . . 

. 
. 

2
 Z
N
 

n
 
~

~
Z

~
Z

Z
Z

P
Z

P
Z

~
Z

~
~

~
Z

~
Z

~
Z

~
Z

~
~

~
Z

Z
~

~
~

~
Z

 
n
n
 
m

 
n
 
2
-
 
d

 0
 
o

 
Z

 
0
 

n
 

w
 n
 

m
w

~
 

n
 

P
 

P
 

(
0
 

f
 

P
C

 

P
 

0
 
O
P
 
C

 O
m

O
r

O
O

O
O

O
n

O
O

o
O

*
n

O
O

O
~

O
m

O
~

o
o

O
o

w
m

~
m

o
 

w
 0
-
 

'4
 
0
 
0
 

0
 
0
 

. 
r

 d
o
 
m
 

m
e
 
d

 
N

W
f

 
o

d
r

n
o

o
w

 
w

 
'4

 
n

n
 

n
 d

 
n

 d
 

r
 

P
I

N
 



m
 

I
Y

I
 

i
d

 : 
: 

z 
j: 

z
z

:
 

L
I 

% 
" 

*
:

N
 

0
 

0
r

l
:

r
l

 
- 

* 
m

m
 

I
 

O
D 

m
 

I
0

 

:
 

:- 
I
 O

D
 

I
 0

 
I
 

% 
I 

I
 

I 



0 
j
 

j
o

 
o
 

n
w

w
~

~
~

~
n

~
n

~
m

~
~

o
w

~
n

~
m

~
o

~
~

n
~

~
j

~
~

n
~

o
j

 
....\. . 

n
 

x
 

4
-

 
m
 

o
 

o
 . 4 o

 
z
 

z
o
 

o
 

n
n

n
~

2
2

2
2

2
~

2
~

2
~

;
~

z
~

~
~

~
~

~
~

~
~

~
~

g
~

~
~

~
 

I
 n
 n

 1
0
 

* 
z
g
 
o
 

o
 

o
 

z
 

o
 

0
 

0
0

 
0

 
o

*
O

O
o

O
O

*
O

*
O

m
O

o
c

,
.

o
m

O
*

o
*

o
o

o
O

~
O

d
.

~
~

o
 

10 
0
0
 

0
 

0
 

0
 

0
 

i l 
m

o
o

,
.
 

N
 PI 

L
 

n
d

 
~

o
4

-
4

~
~

 
m

n
z

 
d

 
n

n
 

2
s
:
 

$ 
* 

d
d

 





Georgla Electnc~h Sector Least Cost De\elopment Plan 

Georgia Base Case Every Year 9/16/91 
Resource Purchases and Sales by Season and Plant 

Region Systaa Page 2 11 09/30/91 
Year 1005 

Capacity 
Plant Nanrs R Ji Dispatch 

WI- SPRING 
(GHhl C r Avail IGHhl C I Avail 

.%'mcm FALL Total 
IGIfhl C T Avail IGNhl C r Avail [GHh] C r Avail 

X N m 1  HEHE 
XNGORI PamB 1 KglP 
XNGURI RgIUB HELP 
VARDNILI 1 NVAE 
VARDNILI 1 RBH NVlP 
VARDNILI 1 4 R NvlP 
m o N I  1 HXlP 
ATZKBSI SATK 
ATZAESI REIUB SAIP 
GInLXTI 1 WGlE 
-TI 1 REHAB WGAP 
Gm6ATI 1 WGl E 
GUXATI 2 RBHILE) WGBP 
LAJ-I WLM 
LAJANrmI REHAB WLRP 
RIONI YRIE 
RIONI REHAB WRRP 
SWORI WSEX 
SWORI RKHAB WSRP 
TXIBULI WTBX 
TKIBLILI REHAB WTRP 
VARTSIXHX 1 4 HVm 
VARTSIXAE 1 4R WVW 
JINVALI CJIE 
JINVALI RBHAB CJRP 
-1 1 EXlE 
KHrUxI 1 FmtAB EKAP 
FHRAHI 1 EKlE 
-1 2 REIUB EKBP 
ORTACHALA EORE 
ORTACHALA RXHA EOAP 
Z9JIESI EZ AE 
ZIIHESI RKHAB EZ1P 

Hydro 

GARDAEANI 400CC EGTP 
GARDABANI 320CC EGOP 

Combined Cycle 

B A m 1  Glu SBCP 

Gas Turbine 

Renewable 0 0 

TBILISI ClW EX KTKE 0 18 

0 HIA 0 0 0 N/A 0 0 

44 84 8 84 8 0 0 0  7 1 1  
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C w r g ~ a  Electrlc~h Sector Least Cost De~elopment Plan 

G e o r g i a  B a a s  C a a a  Kvery Y e a r  9 / 1 6 / 9 8  
R e s o u r c e  P u r c h a s e s  a n d  S a l e s  h y  S e a s o n  

C a p a c i t y  
P l a n t  N a n s  R H D i s p a t c h  

C o a l  

GARDABAN1 3 8  
GARDABANI 9 1 0  

O i l / G a s  S t e a m  

BNG(TR1 
K H m 1  RKHAE 1 
E N O R I  RgllAB 
VARCJNILI 1 
VARDNILI 1 REA 
VARCJNILI 2 4 R 
lWmMNI 1 
ATZHESI 
Al%HESI RXRAB 
r n T 1  1 
GmaATI 1 REHAB 
GWHATI 2 
r n T I  2 REIUB 
WWANURI 
LAJ-I REIUB 
RIONI 
RIONI REHAB 
SHAORI 
SKAORI REIUB 
TXIBULI 
TXIBOLI RKIUB 
VARTSIKHX 1 4 
VARTSIlMB 1 4R 
JINVALI 
JIXVALI REHAB 
III(RIIWI1 
KuRAXI 1 RXnAB 
lMRAM12 
KHRAxI 2 R X W  
ORTACHAI-II 
O R T A U  ILglUI 
ZAHESI 
7aHESI  REIUB 

H y d r o  

NBNll 
NElP 
N g l P  
WM 
NVIP 
W2P 
HKIP 
SATE 
SAID 
WG1K 
WGLP 
WG2K 
WGBP 
YLM 
WLRP 
WRIE 
YRRP 
NSW 
WSRP 
m L  
m 
ma3 
VVRP 
C J I E  
CJRP 
EKlK 
EKAP 
EK2E 
SKBP 
EORE 
SOAP 
E Z M  
L Z l P  

GARDABANI4OOCCEGTP 0 0 
GARDABAN1 320CC EGOP 2 2 0  2 2 0  

Comhined C y c l e  2 2 0  2 2 0  

EATUPII GPJ SBCP 4 5  4 5 

G a s  T u r b i n e  4 5 4 5 

R e n e w a b l e  0 0 

TBILISI CEP EX L ~ X  o 1 a 

a n d  P l a n t  

NI-R 
(Gwbl C r A v a i l  

0 N/A 0 0 

0 NIA 0 0 
1 6 3 8  94  0 94  0 

1 6 3 8  9 4  0 9 4  0 

0 2 5  7 9 5  9 
1 5 6  2 0  7 7 3  8 
624 2 0  7 7 3  8 

0 N/A 5 6  7 
1 4 2  2 2  6 9 5  9 

1 6  5 1  0 9 5  9 
0 N/A 9 5  9 

1 4  4 0  0 4 0  0 
0 N/A 3 0 0  

3 8  3 9  5 4 1  4 
0 NIA 5 4  5 

24 3 6  3 4 3  6 
0 N/A 6 3  1 
0 3 3  8 5 7  5 

7 6  2 3  4 5 9  9 
64  4 5  0 5 9  9 

0 N/A 6 8 5  
4 2  3 7  5 3 7  5 

0 N/A 9 5  9 
5 4  2 3  2 4 4  3 

0 N/A 9 5 9  
1 9 5  4 7  9 4 8  0 

0 N/A 4 1 7  
0 N/A 9 5 9  

1 4 0  3 7  1 5 1  6 
0 N/A 6 3  9 

1 4 6  4 4  5 9 5  9 
0 N/A 7 3 1  

1 7 0  5 3  2 9 5  9 
I 3  2 4  9 6 3  9 

0 N/A 4 2 6  
4 3  4 0  0 4 0  0 

0 N/A 3 2  7 

1 9 5 6  2 7  8 7 1  2 

0 N/A 9 5 5  
6 1 0  9 5  5 9 5  5 

6 1 0  9 5  5 9 5  5 

7 5 6  9 0 0  

7 5 6  9 0 0  

SPRING S-R TALL 
IGKhl C T A v a i l  IGHbl C T A v a i l  [Fnhl C I A v a i l  

N/A 0 0 0 

NIA 0 0 0 
0 0  9 4 0  5 0 7  

0 0  9 4 0  5 0 7  

4 3  4 9 5  9 0 
5 3  6 9 5  9 8 8  
5 3  6 9 5  9 3 5 2  

N/A 9 5  9 0 
2 2  1 9 5  9 6 2  
8 8  0 9 5  9 1 4  

N/A 9 5  9 0 
2 1  3 9 5  9 6 

N/A 9 5  9 0 
5 0  2 8 8  0 2 5 

N/A 8 8  0 0 
4 4  9 8 8  0 1 6  

N/A 8 8  0 0 
6 7  1 8 8  0 0 
4 7  0 8 8  0 6 8  
5 1  6 8 8  0 3 5 

NIA 8 8  0 0 
2 8  5 8 8  0 2 6 

N/A 8 8  0 0 
11 9 8 8  0 2 2 

N/A 8 8  0 0 
4 1  0 8 8  0 9 1  

N/A 8 8  0 0 
N/A 8 8  0 0 

4 7  3 8 8  0 7 5 
N/A 9 5 9  0 

2 1  2 9 5  9 5 4  
N/A 8 8  0 0 

2 5  5 8 8  0 6 3  
1 5  2 9 5  9 5 

N/A 9 5  9 0 
2 4  0 9 5  9 2 0  

N/A 9 5  9 0 

4 3  9 9 3  6 1 0 2 2  

N/A 9 5  5 0 
3 5  6 9 5  5 3 0 8  

3 5  6 9 5  5 3 0 8  

0 0  9 0 0  0 

0 0  9 0 0  0 

T o t a l  
ICWh] c r a v a i l  

0 N/A 0 0 
2 1 4 5  4 0  8 8 6  1 

1 1 4 5  4 0  8 8 6  1 

0 2 1  8 9 4  6 
8 5 6  3 7  6 8 7  2 

3 4 2 4  3 7  6 8 7  2 
0 N/A 8 1  6 

4 7 1  24 9 9 4  6 
4 4  4 6  3 94  6 

0 N/A 9 3 3  
4 4  4 1  8 7 7  4 

0 N/A 7 4  0 
1 4 0  4 8  4 7 6  5 

0 NlA 8 0  9 
5 5  27  5 7 7  2 

0 N/A 8 3 7  
0 3 2  7 8 1  9 

4 2 5  4 3  3 8 2  7 
2 4 8  5 7  8 8 2  7 

0 NIA 8 5  5 
8 4  2 4  9 7 5  2 

0 N/A 94 6 
9 0  1 2  8 7 7  5 

0 N/A 9 4  6 
6 7 8  5 5  3 7 8  7 

0 N/A 7 6 6  
0 N/A 94 6 

$ 0 0  4 3  9 7 9  9 
0 NIA 8 4  0 

3 1 7  3 2  0 9 4  6 
0 N/A 8 7  0 

370 3 8  4 94  6 
4 0  2 5  4 8 5  3 

0 N/A 7 8 2  
1 4 5  4 4  7 7 7  4 

0 N/A 7 4  9 

7 9 3 0  3 7  4 8 6  4 

0 N/A 8 7  5 
1 0 3 2  5 3  6 8 7  5 

1 0 3 2  5 3  6 8 7  5 

7 1 9  8 4 9  

7 1 9  8 4 9  
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Georg~a E l e c t r ~ c ~ h  Sector Least Cost De\eIopment Plan 

Georgia Base Case Every Year 9/26/98 
Resource Purchases and Sales by Saasan and Plant 

Regions S y s t u  Page 2 15 09/30/98 
Yaar 2007 

Capacity UINTZR 
Pl-t Hams B W Dispatch IGUhl C ? Avail 

SPRING S-R ?ALL 
[Gwhl C ?  Avail IGUhl C T  Avail IGUhl C ?  Avail 

Total 
IGHhl  C ? Avail 

Coal 0 0 0 N/A 0 0 

Oil/Gaa Steam 600 600 1581 90 7 94 0 

XNGURI HEHB 
KHGURI RHU\B 1 NElP 
XNGURI REHAB NBlP 
VARIJNILI 1 W A E  
VARIJNILI 1 REII NvlP 
VARDNILI 2 4 R W l P  
m N I  1 NKlP 
ATZIIESI SAT&! 
A m s I  REIUB S N P  
-TI 1 WGlE 
GuhfATI 1 REHAB WGAP 
GmUTI 2 WG2I 
GUMAT1 2 REHAB WGBP 
L W A N m I  U m E  
w m 1  REIUB WLRP 
RIONI WRIE 
RIONI REHAB WRRP 
SIUORI W S W  
SWRI REIUB wsRP 
rnr~m.1 KPBE 
TKIBm.1 RxHAB WTRP 
VARTSIlCHP 1 4 UVm 
V-UlTSIKNX 1 4R WVRP 
JINVALI CJII 
JIWALI REHAB CJRP 
KHRAMI 1 BK1I 
KHRAM11 REHAB E W  
KHRAMI 2 EK2E 
KHRAMI 2 REHAB EKBP 
ORTA- EORE 
ORTACIiALA RKHA EOAP 
ZARXSI EZAE 
Z1IIESI REHAB EZ1P 

Hydro 

G A R D M  4OOCC EGTP 
GARDABAN1 320CC EGOP 

Cmnbined Cycle 320 320 887 95 5 95 5 

BATUMI GI'U SBCP 45 4 5 0 0 0  9 0 0  

Gas Turbine 45 45 0 0 0  9 0 0  

Renewable 0 0 0 N/A 0 0 

TBILISI CHP EX ET&!E 0 18 22 42 6 84 8 
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Georg~a Electrlclty Sector Least Cost Development Plan 

Georgia Base Case Every Year 9/26/98 
Resource Purchases and Sales by Season and Plant 

Region: System Paget 2 16 09/30/98 
Yaarr 2007 

capacity WINTER SPRING S-R FALL Total 
Plant N a ~ t  R X Dispatch [GWhl C F Avail IGWhl C F Avail [GWhl C F Avail [-I C F Avail [GWhl C F Avail 

CHP Steam Q c l e  0 18 22 42 6 84 8 0 0 0  7 1 2  0 0 0  9 2 5  0 0 0  8 4 8  22 14 1 81 6 

--= .- -.=-....... . ....... ..... 1111.111 1.11. I.. 1 111-1111 I I  11-11 -I------ ----. -I.-. -PI-- 11 ..... 11-11 11111.11 1-11. I... 

Grand Total 2771 3405 4447 45 0 77 9 3542 35 5 86 8 1736 34 8 93 3 1914 38 4 95 4 11639 39 0 86 4 

Total Purchases 0 0 0 N/A 0 0 0 N/A 0 0 0 N/A 0 0 0 N/A 0 0 0 N/A 0 0 

Total Sales 0 0 0 N/A 0 0 0 N/A 0 0 0 N/A 0 0 0 N/A 0 0 0 N/A 0 0 

Inter Region Trans 87 393 172 4 0 692 

I. ............. 1 1.11111 111.1.. 11 1.11. 11-11 I.. I 11.1111. I I. 1.11. -111-111 1-111 -11-- ---- -I -11-1 11-11 11.1-111 1-11. 1-11 

Total Supply for Demand 4360 3149 1564 1874 10947 
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Georgta Electrtc~h Sector Least Cost Detelopment Plan 

G e o r g i a  B a s s  C a s e  Kvsw Y e a r  9 / 2 6 / 9 8  
R e s o u r c e  P u r c h a s e s  a n d  S a l s a  b y  S e a s o n  a n d  P l a n t  

C a p a c i t y  HIHTER SPRING S-R FALL m t a l  
P l a n t  N a ~ o  R X D i s p a t c h  IGYhl C l A v a i l  IGYhl C ? A v a i l  1-1 C T A v a i l  IGYhl C ? A v a i l  IGHhJ C T A v a i l  

KNGURI HEN8 
E N r n I  m 1 NKlP 
E N G U R I W  HBlP 
VARDNILI 1 NVM 
VARDNILI 1 RKR W 1 P  
VARDNILI 2 4 R NV2P 
KHG'DONI 1 NKlP 
ATZHKSI SATE 
A'rZNKSI W S A l P  
O m U T I  1 WGlE 
G m m T I  1 RxxAs W G L P  
-TI 2 WGlE 
m T 1  2 RHIAB WGBP 
L W m 1  inAll 
LAJANURI W WLRP 
RIONI WRIE 
RIONI RKHAB WRRP 
SHAORI WSHK 
SHAORI REIUB WSRP 
TXIBULI KPBE 
TKIBULI W m P  
VARTSIXHE 1 4 WVAK 
VARTSIXHK 1 4R WWS 
J I N V U I  C J I E  
JINVALI REHAB CJRP 
lMIULWI 1 EXlE 
KIiPAHI 1 m K W  
QIRlMI 1 EKlE 
-1 2 RKHAB EKBP 
O R T A W  EORK 
ORTAaUtl r  REIVI EOAP 
ZAHXSI E Z M  
ZAliKSI RKH3E E Z l P  

H y d r o  

DARDABANI 4OOCC EGTP 0 0 0 N/A 9 5  5 0 N/A 7 1 6  0 N/A 9 5 5  0 N/A 9 5  5 0 N/A 8 7  5 
W A B A N l  3lOCC LGOP 3 2 0  3 1 0  8 8 7  9 5  5 9 5  5 0 0 0  7 1 6  1 9 1  4 0  8 9 5  5 4 4 7  9 5  5 9 5  5 1 5 2 6  5 4  4 8 7  5 

Combinad C y c l a  3 1 0  3 1 0  8 8 7  9 5  5 9 5  5 0 0 0  7 1 6  1 9 1  4 0  8 9 5  5 4 4 7  9 5  5 9 5  5 1526  5 4  4 8 7  5 

BATUKI GTU SBCP 4 s  4 5  1 1 8  9 0  0 9 0  0 0 0 0  7 4 7  0 0 0  9 0 0  0 0 0  9 0 0  1 1 8  2 9  8 84  9 

G a s  T u r b i n e  4 S 4 5 1 1 8  9 0  0 9 0  0 0 0 0  7 4 7  0 0 0  9 0 0  0 0 0  9 0 0  1 1 8  1 9  8 8 4  9 

T E I L I S I  C W  EX ETKE 0 1 8  4 4  8 4  8 8 4  8 0 0 0  7 1 7  0 0 0  9 1 5  0 0 0  8 4 a  4 4  1 8  1 8 1  6 

A F ~ n a l  Report 
Volume 2 Append~x 9 Page 26 September 1998 





Geore~a Electncltr Sector Least Cost Detelo~ment Plan 

Gaorgia Bass Case m a r y  Year 9/16/98 
Resource Purchaass and Sales by Seasan 

capact t y  
Plant N ~ m n  R M Dispatch 

GMCDAENiI 38 
GARDAFANI 910 

Oil/Gas S t e m  

ENGmI 
KNGURI REHAB 1 
KNGURI RHUB 
VARDNILI 1 
VMLDNILI 1 RXN 
VARDNILI 2 4 R 
ICWDONI 1 
ARAESI 
ARAESI 
GmVITI 1 
FmUTI 1 R K m B  
-TI 1 
GmVITI 2 REHAB 
LAJ-I 
LAJANURI FxHm 
RIONI 
RIONI REHAB 
SNAORI 
SNAORI REHAB 
TXIBULI 
TKIBULI REHAB 
VARTSIXWB 1 4 
VARTSIKKE 1 4R 
JINVALI 
JINVALI RXHAB 
KHPAHI 1 
m 1 1  REHAB 
KHPAHI 2 
KHPAHI 2 REHAB 
ORTACHALA 
ORTACHNA RKHA 
ZAmSI 
z m s 1  =NAB 

m 
HBlP 
M l P  
NVAT 
NvlP 
NV2P 
NXlP 
SATX 
S N P  
WGlK 
w 
WG2E 
YGBP 
WsAX 
WLRP 
YRIK 
URRP 
W S M  
WSRP 
m x  
m 
WVAB 
m 
CJIE 
CJRP 
LK1E 
EYaP 
EL2K 
E W P  
KORX 
EOAZ 
E Z M  
KZlP 

GARD- 40OCC XCTP 150 150 
OhRDABANI 320CC KGOP 320 320 

Cumbined Cycle 470 470 

BATOX1 GITl SBCP 45 4 5 

Gas Turbina 4 5 4 5 

TBILISI CHP KX XTXS 0 18 

And Plant 
Rsgionr S y a t u  Pagal 2 11 09/30/98 
Year 2010 

WIhTXR SPRING SmQSXR TALL 
lGwhl C r m a i l  ttwhl C r Avail IGWhl c r h a i l  Imhl c r Avail 

Total 
[Gwhl C ? Avail 
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Georela Electncth Sector Least Cost Detelooment Plan 

Georgia Base Case mery Year 9/26/98 
Resource Purchases and Sales by Season 

Capacity 
Plant NUZZU R n oispatch 

Coal 0 0 

G*RDABAHI 38 
W A E J X I  910 

Oil/Gas Steam 

ENGVRI 
ENGURI PSBAB 1 
E H m I  RmAE 
VARDNILI 1 
VARDNILI 1 RKB 
VARDNILI 2 4 R 
m 0 N I  1 
ATZHKSI 
ArZKgS?. RKK1\B 
GmUTI 1 
GmUTI 1 RszmE 
GmUTI 2 
GmUTI 2 RKHAB 
UJANTJRI 
L A J m 1  RxRm 
RIONI 
RlONI RKHAB 
SWORI 
SWORI RKHAB 
TXIBULI 
TKIBIJLI RxRm 
VARTSIICHE I 4 
VARTSI- 1 4R 
JINVALI 
JINVALI REHAB 
lMRAnI 1 
lMRllWI1 R K m  
lMRAnI 1 
lMRAXI 2 RKHAB 
O R T A U  
ORTACHALA REHA 
ZAHESI 
ZAiiKSI REHAB 

NKNX 
NKlP 
NKlP 
NVAK 
NVlP 
NV2P 
NKlP 
SATK 
SAlP 
WGlE 
WGLP 
WG2E 
WGBP 
W U K  
WLRP 
WRIE 
WRRP 
WSRg 
WSRP 
KPBE 
m 
WAX 
r n P  
CJIE 
CJRP 
EXlE 
EKAP 
EK2E 
E m P  
EORK 
EOAP 
E Z M  
EZlP 

G A R D M M  4OOCC E m  204 204 
GPROAEANI 31OCC EGOP 320 320 

Combined Cycle 514 524 

BATLTHI OPD SBCP 45 45 

Gas Turbine 45 45 

Renewable 0 0 

TBILISI CXP LX ETKL 0 18 

and Plwlt 

WfNlBR 
[GWhl C T Avail 

Region Systu Page 2 15 09/30/91 
Pear 1012 

SPRING -R FALL 
[GWhl C r Avail [Cirml C r Avail [ml C F Avail 

Total 
[GHhl C r Avail 
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Georg~a Electnc~tj Sector Least Cost De\elopment Plan 

Georgia Basa Case -cry Year 9/26/98 
Resource Purchases and Sales by Season and Plant 

Capacf ty W I m R  
Plant Nans R % Dispatch [GWhl C P Avail 

Coal 0 0 0 N/A 0 0 

Oil/Gas Steam 600 600 1638 94 0 94 0 

KNGmZI 
m m 1  RKNAB 1 
KHGURI RKlUB 
V W N I L I  1 
VIIRDNILI 1 RBI3 
VARDNILI 2 4 R 
KmmONI 1 
AnsixsI 
ATZHESI RKlUB 
m T 1  1 
-TI 1 REHAB 
m T 1  2 
m T I  2 RKHAB 
w-I 
w-I RERllLl 
RIONI 
RIONI RBHAB 
SWORI 
SWORI RKHAB 
TKIBULI 
TKIBULI PxHaE 
VARTSIXHE 1 4 
VMTSIICRE 1 4R 
JINVALI 
JINVALI R B m  
m m a 6 I 1  
KmzAxI 1 REIUg 
KKRAHI 2 
-1 2 RKlUB 
ORTACHMA 
ORTA- RElU 
ZAHBSI 
ZAKKSI RKHAB 

NKNK 
NKlP 
NKlP 
NvAK 
NVlP 
Nv2P 
NXlP 
SATK 
S N P  
WGlE 
HGAP 
WG2E 
YGBP 
WLAK 
WLRP 
YRIE 
h'RRP 
WSHE 
WSRP 
WTBE 
m 
Y V M  
WVRP 
CJIE 
CJRP 
EXlE 
EXAP 
SX2E 
EllBP 
SORB 
EOAP 
EZAK 
BZlP 

Hydro 1931 2526 2132 29 1 73 3 

GNUYABANI 400CC EGPP 248 248 689 95 5 95 5 
GMWABANI 32OCC EGOP 320 320 887 95 5 95 5 

Combined Cycle 568 568 1576 95 5 95 5 

MTrmI G10 SBCP 45 45 0 0 0  9 0 0  

Gas Turbina 4 5 4 5 0 0 0  9 0 0  

TBILISI (IRP EX ERIE 0 18 44 84 8 84 8 

Region q s t u  Paga 2 27 09/30/98 
Year 2013 

SPRING SVuXXR ?ALL Total 
[GHhl C T Avail [GMhl C T Avail I t n h l  C T Avail IFWhl C T Avail 
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G e o r ~ ~ a  Electrlcih Sector Least Cost De\elooment Plan 

Georgia Base Case b e y  Year 9/26/98 
Resource Purchases and Sales by Season and Plant 

Region System Pager 1 19 09/30/98 
Year 2014 

Capacity WINTKR SPRING S-R FALL Total 
Plant Nars R M Dispatch IGYhl C ? Avail I m l  C ? Avail [GHhl C F Avail [ml C F Avail [GYhl C T Avail 

Coal 

KNGmI 
K N m 1  REHAB 1 
K N m 1  RxnAB 
VARDNILI 1 
VUaliILI 1 REH 
VARDNILI 2 4 R 
m N I  1 
ATZAESI 
ATZI(ES1 RmUB 
m T 1  1 
GUMATI 1 REfUg 
GUMAT1 2 
m T I 1  RKRhB 
LW-I 
LAJ-I RKNAB 
RIONI 
RIONI REHAB 
SWIIORI 
SWIIORI REHhe 
TKIBULI 
TXIBULI RXRAE 
VlrRTSIKKE 1 4 
VARTSIIMB 1 4R 
JIN-JALI 
JIIiVALI RKIUB 
KHRAXI 1 
FaRAKI 1 RKliAB 
KHRAXI2 
lMRlIXI1 RKNAB 
ORTA- 
ORTACNALA RXBA 
ZAAgSI 
U S 1  RKHAB 

P38L 
E91X 

NKNX 
W 1 P  
NKlP 
NVM 
NvlP 
W Z P  
HXlP 
SATE 
M 1 P  
WGlL 
WGAP 
WGlE 
WGBP 
rn 
WLRP 
WRIE 
WRRP 
WSAE 
WSRP 
r n E  
m 
WVAE 
WVRP 
CJIL 
CJRP 
EElB 
E W  
EKIE 
LKBP 
EORK 
B O W  
E Z M  
LZlP 

Hydro 1931 2526 2132 29 1 73 3 3874 52 4 93 3 1693 45 8 93 5 1165 31 5 95 9 8865 40 1 87 1 

GARDABANI 4OOCC EGTP 193 293 813 95 5 95 5 427 49 8 71 6 410 95 5 95 5 410 95 5 95 5 2059 80 2 87 5 
GARDABANI 320CC EGOP 320 320 887 95 5 95 5 0 0 0  7 1 6  11 2 4 95 5 447 95 5 95 5 1346 48 0 87 5 

Combined Cycle 613 613 1700 95 5 95 5 417 23 8 71 6 411 46 9 95 5 857 95 5 95 5 3406 63 4 87 5 

BATrmI GTU SBCP 45 4 5 0 0 1  9 0 0  0 0 0  7 4 7  0 0 0  9 0 0  0 0 0  9 0 0  0 0 0  8 4 9  

Gas Turbine 45 4 5 0 0 1  9 0 0  0 0 0  7 4 7  0 0 0  9 0 0  0 0 0  9 0 0  0 0 0  8 4 9  

Renewable 0 0 0 N/A 0 0 0 N/A 0 0 0 N/A 0 0 0 N/A 0 0 0 N/A 0 0 

TBILISI CIIP EX ETEE 0 18 44 84 8 84 8 0 0 0  7 1 1  0 0 0  9 2 5  19 71 4 84 8 63 40 2 81 6 
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Geore~a Electrlcltv Sector Least Cost Develooment Plan 

Georgia Base Case Every Year 9/26/98 
Resource Purchases and Sales by Season and Plant 

Region System Page 2 30 09/30/98 
Year: 2014 

Capacity WINTER SPRING SUWWBR PALL Total 
Plant Name R la Dispatch IGWhl C P Avail IGWhl C P Avail [GWhl C P Avail [GWhl C P Avail [GWh] C P Avail 

CHP Steam Cycle 0 18 44 84 8 84 8 0 0 0  7 1 2  0 0 0  9 2 5  19 72 4 84 8 63 40 2 81 6 

---.-mm--------- = . ... ..... - --- --- ---- ----- --.-- -------- .---- -- -. .... ... ... . ..... ........ ----- ----- 
Grand Total 3189 380a 5514 SO 0 80 4 4301 38 6 85 9 2114 38 0 93 9 2366 42 5 95 4 14296 42 9 87 0 

Total Purchases 0 0 0 N/A 0 0 0 N/A 0 0 0 N/A 0 0 0 N/A 0 0 0 N/A 0 0 

Total Sales 0 0 0 A 0 0 0 N/A 0 0 0 N/A 0 0 0 N/A 0 0 0 N/A 0 0 

Inter Region Trans 121 399 17 5 4 3 739 

.....-.----------- -- -- I....... 1.11. 1-11. 1--..1-- I---- 11-11 .---.I-. 1-11. 1.11. ........ 11-11 -11.1 .-1111-- - --- 11-1- 

Total Supply for Damand 5392 3902 1940 2323 13557 
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Ceorela E lec tnc~n  Sector Least Cost De\elo~ment Plan 

G e o r g i a  B a s e  C a s e  E v e r y  Y e a r  9 / 1 6 / 9 8  
R e s o u r c e  P u r c h a s e s  a n d  S a l e s  by S e a s o n  a n d  P l a n t  

R e g i o n :  S y s t e m  P a g e  2 3 1  0 9 / 3 0 / 9 8  
Y e a r  1 0 1 5  

C a p a c i t y  W I m R  SPRING m R  IN& 
P l a n t  N m  R ?I D i s p a t c h  [GVhl C f A v a i l  [GYhl C ? A v a i l  [GVhl C I A v a i l  [GKhl C I A v a i l  

C o a l  0 0 0 A 0 0 0 N/A 0 0 0 N/A 0 0 0 N/A 0 0 

mGm1 
EHWJRI REaAB 1 
KHGrmI =NAB 
VARDNILI 1 
VARDNILI 1 REIf 
VARDNILI 2 4 R 
FHODoNI 1 
AlZHRSI 
A'IZHESI RERAB 
m T 1  1 
G m A T I  1 R g m  
-TI 2 
-TI 2 R E u E  
wm1 
wm1 REHAB 
RIONI 
RIONI R g m  
SlUORI 
SHAORI RE- 
TKIBULI 
TKIBULI REHAB 
VARTSIlCBE 1 4 
VARTSIIMB 1 4R 
JINVALI 
JINVALI Fsm 
KHmaI 1 
IMRR161 1 RKIUB 
ICHRAL(12 
m 1 2  REHAB 
O R T A W  
O R T A W  Rg)(A 

W I E S I  
W I E S I  REHAB 

E38E 
E91E 

HKNg 

NElP 
NBlP 
2mM 
NV1P 
NV2P 
NKlP 
SATE 
S A l P  
WGlE 
WGAP 
WG2E 
WGBP 
WLAg 

WLRP 
WRIE 
YRRP 
WSHE 
WSRP 
UrBE 
WTRP 
WAE 
VVRP 
C J I E  
CJRP 
EKlE 
EKAP 
EK2E 
E W P  
EORg 
XOAP 
EZAX 
E Z l P  

H y d r o  2 0 3 4  1 6 2 8  1 1 9 3  2 8  7 7 4  2 4 0 3 5  5 2  4 9 3  1 1 7 7 4  4 6  1 9 3  6 1 2 0 0  3 1  1 9 5  9 

GkRDABU(I 400CC EGTP 3 1 4  314 8 7 2  9 5  5 9 5  5 3 8 3  4 1  6 7 1  6 3 9 9  8 6  7 9 5  5 4 3 9  9 5  5 9 5  5 
GkRDABANI 320CC EGOP 3 2 0  3 2 0  8 8 7  9 5  5 9 5  5 0 0 0  7 1 6  0 0 0  9 5 5  4 4 7  9 5  5 9 5  5 

Combinad C y c l e  6 3 4  6 3 4  1 7 5 9  9 5  5 9 5  5 3 8 3  2 0  6 7 1  6 3 9 9  4 2  9 9 5  5 8 8 7  9 5  5 9 5  5 

G a s  T u r b i n e  0 0 0 N/A 0 0 0 N/A 0 0 0 N/A 0 0 0 N/A 0 0 

R e n e w a b l e  0 0 0 N/A 0 0 0 N/A 0 0 0 N/A 0 0 0 N/A 0 0 

T B I L I S I  ClfP EX ElrrX 0 1 8  4 4  8 4  8 8 4  8 0 0 0  7 1 2  0 0 0  9 2 5  1 9  7 2  4 8 4  8 

T o t a l  
[GHhl C I A v a i l  
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Georgra Electrlclty Sector Least Cost Development Plan 

Georgia Base Case Every Year 9/26/98 
Total Annual Costs 

Region System Page: 5 2 09/30/98 
Year, 2000 

variable Costs ImUSS-0 001US$) Fixed Costs Total Costs 

Capacity Gener C F Fuel VOM Total Capital FOM Total Total 
Unit Name [xw] [Wl [%I  mUS$/kWh mUS$/kWh MUSS mus$/kwh uS$/kW/a US$/kW/a MUSS MnS$ mus$/kWh 

TBILISI CHP EX ETEE 18 7 3 46 2 18 41 2 78 1 54 21 19 0 00 33 10 0 60 2 14 29 37 

CHP Steam Cycle 18 73 46 2 18 41 2 78 1 54 21 19 0 00 33 10 0 60 2 14 29 37 

Total 2573 9195 40 8 7 46 0 98 77 55 8 43 0 93 9 38 26 53 104 08 11 32 
( Ind Boiler and Boiler House unitary costs per IMcall not includad in the total averages of unitary costs 

Flnal Report 
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Georgra Electnc~t, Sector Least Cost Delelopment Plan 

Georgia Bass Case Every Year 9/26/98 
Total Annual Casts 

Capacity Gener 
Unit N.um [HUnr] tFnhl 

Coal 0 0 

Oil/Gas Steam 600 2224 

ENGDRI N g n  
3NGmtI REIUB 1 HElP 
E N m 1  RE- NglP 
VARDNILI 1 N V M  
VARDNILI 1 REH NVlP 
VARDNILI 1 4 R W 2 P  
lCHlTDON1 1 NKlP 
ATZHESI SATE 
ATzlrESI RgHAB SAlP 
GWATI 1 WG1B 
-TI 1 RHUB W G W  
Gum11 2 WG23 
GOHATI 2 RgRhB WGBP 
w-1 IRM 
IAJ-I REUE WLRP 
RIONI WRIB 
RIONI REHAB WRRP 
S W R I  W S m  
SNAORI RERhB WSRP 
TKIBWL.1 WTB3 
lXIBDLI REUE WTRP 
VARTSIICRE 1 4  hTM 
VARTSIlCHE 1 4R WORP 
JINVALI CJIB 
JINVALI RKHhB CJRP 
-1 1 gx13 
XmLUlI 1 RENAB E m  
KmAwI 2 EX2E 
BIRAnI 2 REHAB SKBP 
ORTACNALA BORE 
ORTACHMA RXHA 3OAP 
ZAHZSI E Z M  
ZAAESI RERILB EZlP 

Nydro 

GARDABAN1 4OOCC E m  
GNU)-I 320CC BGOP 

Combinad Cycle 

BATrmI GTU SBCP 

Gas Nrbine 

Renewable 0 0 

Rsgiont S y s t u  Page 
Year 2003 

Variable Costs InDSS-0 001USSl Tixed Costs 

C F ?ual VOll Total Capital FOX Total 
I%]  nUSS/kWh ihS$/kUh m S S  mus$/kWh os$/kU/a Us$/kU/a m s S  

Total Costs 

Total 
mss =usS/kfi 

Final Report 

Volume 2 Append~x 9 Page 48 September 1998 
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Georg~a Electnc~h Sector Least Cost De\elopment Plan 

Georgia Bass Case g v s w  Year 9/26/98 
Total Annual costs 

~ e g i ~ n  s y a t u  Page 5 13 09/30/98 
Year 2006 

Variable Costs (=US$-0 001USS) Fixed Costs Total Costs 

Capacity Gensr 
Unit Napa tWnl [GKhl 

c ? m a 1  Yon rota1 Capital Total Total 
[%I nUS$/kUh mUS$/kUh XWSS mUSS/kUh USS/kW/a USS/kW/a HLISS BUSS nuS$/knh 

Coal 0 0 

GARDABM 38 
GLRDABANI 910 

Oil/Gas S t e m  

m m 1  
m m 1  RENAB 1 
XNGURI RKIUB 
VARDNILI 1 
VARDNILI 1 REH 
VARDNILI 2 4 R 
-0NI 1 
?.nNxsI 
A n m s I  REHAB 
GUIUITI 1 
-TI 1 RxSmE 
m T 1  2 
GUIUITI 2 RxSmE 
W A N U R I  
wm1 RERlLB 
RIONI 
RIONI RBIUB 
SWORI 
SHAORI RENAB 
TKIBULI 
TKIBULI REIVLB 
VARTSIlCW 1 4 
VARTSIICAB 1 4R 
JINVALI 
JIN'JALX REHAB 
-1 1 
KKmMI 1 RElULB 
lMIuwI 2 
nmaMI 1 REIuB 
ORTACKALA 
ORTACKALA REHA 
WIgSI 
ZAHKSI RmAE 

WEWE 
NglP 
NxlP 
NVAX 
NvlP 
NV2P 
NXlP 
SATE 
SAlP 
YGlE 
WGAP 
WG2E 
YGBP 
WLhg 

WLRP 
WRIE 
WRRP 
W S 5  
WSRP 
WTBE 
m P  
WVAE 
VFmP 
CJIE 
CJRP 
EKlE 
E m  
EXlE 
ElCBP 
BORE 
EOAP 
EZAg 
EZlP 

Hydro 2422 7930 

WLRDABANI 4OOCC EGTP 0 0 
GARDABM 320CC POOP 120 1032 

Conrbined Cycls 220 1032 

IUIRRII (;I0 SBCP 45 7 

Gas Turbine 4 5 7 
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Georgia Electnclo Sector Least Cost Debelopment Plan 

G e o r g i a  B a s e  C a s e  Every Y e a r  9 / 1 6 / 9 8  
'otal h u a l  C o s t s  

R e g i o n  S y s t a n  P a g e *  5  17 0 9 / 3 0 / 9 8  
Y e a r  2 0 0 8  

V a r i a b l e  C o s t s  (uUSS-0 001USS3 ? i r e d  C o s t s  T o t a l  C o s t s  

C a p a c i t y  G e n e r  
hit Hans tlnrl [GYhl 

C ?  ?us1 QOH T o t a l  C a p i t a l  POX T o t a l  T o t a l  
t%l EDSflkWh EDSSIkNh XUSS mUSSfkNh USSIkWIa USSIkWIa KOSS mss uUSS/kWh 

C o a l  0 0 

mm1 NEHE 
m1 RmmB 1 NElP 
E m 1  UKHm HELP 
V r n N I L I  1 N V U  
VAPBNILI 1 REH NVlP 
9)LRDNILI 2 4 R NVlP 
l n m w N I  1 NKlP 
ATZHESI SATE 
ATZKBSI REHAB S U P  
-TI 1 WGlE 
-TI 1 RIHMI WGW 
GVMTI 2 WG2E 
-TI 2 REHAB WGBP 
wm1 ULAE 
L A J r n I  REHAB WLRP 
RIONI WRIE 
RIONI RnmB WRRP 
SlUORI WSW 
SHAORI REHAB WSRP 
TXIBDLI WTBE 
TXIBDLI RIIUB WTRP 
VlLRTSIWE 1 4 YYM 
V A R T S I I M E 1 4 R  WVRP 
JI-I C J I E  
JINVALI RxHAB CJRP 
m R A M I 1  EX11 
IMIU16I 1 REHAB E W  
slm.uI 1 SXZS 
KEuxI 2 REHAB EKBP 
ORTACHALA BORE 
ORTACRALA REHA EOAP 
ZAHESI E Z M  
ZANESI REHAB K Z l P  

H y d r o  

40OCC KGTP 
GARDABANI 320CC EGOP 

C a m b i n s d  C y c l e  3 2 0  1 5 1 9  

BATmn GIp SBCP 4 5  8 5 

G a s  T u r b i n e  4 5  8 5  

R e n e w a b l e  0 0 
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Georg~a Electrlc15 Sector Least Cost De\elopment Plan 

Georgia Base Case Every Year 9/16/98 
Total Amxu11 Costs 

Region Systen Page 
Year 1009 

Variable Costs Inus$-0 0010S$l Fixed Costs Total Costs 

Capacity Ganer 
Unit Hans tml tcwhl 

C P Fuel VOn Total Capital FOX Total 
[bl nUS$/kwh nuS$/kiih m s $  nUs$/kUb uS$/kw/a usl/kw/a KDSS 

Total 
MJSS ~JJsS/kwh 

Coal 0 0 

E r n 1  HBHg 

EHGURI REHAB l NKlP 
m m 1  REHAB NK1P 
VARDNILI 1 W M  
VARDHILI 1 PXH WVlP 
VARONILI 2 4 R NVlP 
u m w J N l 1  NK1P 
ATZHBSI SATE 
ATZHBSI REHAB SAlP 
GmfATI 1 WG1E 
-TI l P.KHAB W W  
GUZIATI 2 WGlE 
GUMAT1 2 REHAB WGBP 
LAJwmcI WLAK 
LAJANURI REHAB WLRP 
RIONI WRIE 
RIONI REHAB WRRP 
SHAORI W S W  
SWORI P.KHAB WSRP 
TKIBULI: WTBE 
TXIBULI REItliB UTRP 
VARTSIKEE 1 4 UVAE 
VARTSIXHB 1 4R (NRP 

J1NVN.I CJIE 
JINVALI REHAB CJRP 
-1 1 EL1K 
-1 1 REHAB E W  
XHRMI 2 EKlK 
KHRMI 1 REHAB EKBP 
ORTACKNA E O W  
ORTACHALA RBHA KOAP 
ZAAESI EZAE 
ZANKSI REHAB EZlP 

Hydro 

GMLDABANI 400CC KGIT 
GARDABANI 31OCC KGOP 

Canbined Cycle 320 1526 

BATUMI GTU SBCP 4 5 118 

Gas Turbine < 5 118 

Renewable 0 0 

Flnal Report 

\'olume 2 Append~x 9 Page 60 September 1998 



Georg~a Electr~clty Sector Least Cost Development Plan 

Georgia Base Case Every Year 9/26/98 
Total Annual Costs 

Region system Page 5 20 09/30/98 
Year: 2009 

Variable Costs (mUSS-0 001USS) Fixed Coats Total Costa 

Capacity Gener C F Fuel VOM Total Capital FOM Total Total 
Unit Name [law] [m] [%I mUs$/kwh muSS/kwh MUSS mUS$/kWh US$/kW/a us$/kw/a W S S  MUSS mVS$/kWh 

TBILISI CHP EX ETEE 18 44 28 1 23 04 2 78 1 14 25 82 0 00 0 00 0 00 1 14 25 82 

CHP Steam Cycle 18 44 28 1 23 04 2 78 1 14 25 82 0 00 0 00 0 00 1 14 25 82 

Total 3509 11623 41 1 6 57 0 52 89 48 7 09 20 30 4 15 85 80 175 29 13 89 
( ) Ind Boiler and Boiler Houae unitary costs per tMcall not included in the total averages of unitary costs 
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Geore~a Electnc~h Sector Least Cost De\elopment Plan 

Georgia Base Case Ivory Year 9/26/98 
Total Annual Coats 

Ragion Syxtu Page 5 21 09/30/98 
Pear 2010 

Capacity Ganer 
Oni t Nama 1 [*I 

Coal 0 0 

W A B W I  38 E38E 
GXRDABANI 910 E91E 

Oil/Gaa Steam 

ENGUR I NKNK 
INGURI REHAB l NglP 
m m 1  REHAB HElP 
VrnNILI 1 NVAK 
VARDNILI 1 RgR NVlP 
VARDNILI 2 4 R Nv2P 
KHWDONI 1 NXlP 
ATZHKSI SATE 
ATZHKSI REHAB S U P  
GVXATI 1 YGlE 
m T I  1 RERhB W W  
GVXATI 2 HG2E 
GVXATI 2 RENAB WGBP 
W A N U R I  WLhB 
u r n 1  RKHAE ULRP 
RIONI WRIE 
RIOHl RKRAB WRRP 
SNAORI WSEE 
SXAORI RKNAB WSRP 
TKIBTJLI WTBE 
TKIBVLI REHAB WTRP 
VARTSIIME 1 4 WVAK 
VARTSIKEIX 1 4R WVRP 
JIHVALI CJIE 
JINvAL.1 RERhB CJRP 
IMRAldI 1 EXlE 
IMRAldI 1 REHAB EKAP 
KIiRAHI 2 EX2E 
-1 2 RKHAE EKED 
ORTACHALA BORE 
ORTACHALA RXHA EOAP 
ZIJIESI EZAK 
ZAHKSI RKRAB EZlP 

Hydro 2526 8865 

GNOABANI4OOCCEGTP 150 934 
W A B A N I  320CC EGOP 320 1383 

Combined Cycle 470 2316 

BAlWHI SBCP 45 0 

Gas Turbine 4 5 0 

Varisble Costs (nIlSS 0 001VSS) Fixed Costs Total Costs 

C T Fuel VOH Total capital FW Total Total 
[ \ I  QSS/kYh QSS/kUh XUSS nVSS/kWh VSS/kw/a OS$/kW/a HVSS MUSS mnsS/kHh 
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Georma Electr~c~tv Sector Least Cost Develo~ment Plan 

Georgia Base Case Every Year 9/26/98 
Total Annual Costs 

Regions System Pages 5 22 09/30/98 
Year 2010 

Variable Costs (mUSS-0 001USS) Fixed Costs Total Costs 

Capacity Gener C I Fuel VOY Total Capital BOY Total Total 
Unit Name [mi] [ml [%I mUS$/kWh mUSS/kWh MUSS mUSS/kWh US$/kW/a Us$/kW/a MUSS MUSS mUS$/kWh 

TBILISI CHP EX ETEE 18 63 40 2 24 58 2 78 1 74 27 36 0 00 0 00 0 00 1 74 27 36 

M P  Steam Cycle 18 63 40 2 24 58 2 78 1 74 27 36 0 00 0 00 0 00 1 74 27 36 

Total 3659 13101 40 9 6 92 0 52 97 53 7 44 21 64 4 24 94 65 192 18 14 67 
( ) Ind Boiler and Boiler House unitary costs per [Ycall not included in the total averages of unitary costs 

F~nal Report 

Volume 2 Appendlx 9 Page 63 September 1998 



-
 

&
 

6
 

12 
m 

o
 0

0
 

o
 ~

~
~

o
c

P
~

~
L

o
~

~
~

o
c

o
~

o
~

o
~

o
~

o
~

o
~

o
o

o
~

~
~

 
m

 
*

m
 

* 
d

 d
 

o
 

4
.
 

o
 0

0
 

o
 

o
~

m
o

~
w

n
o

o
o

~
o

~
o

n
~

~
~

~
o

~
o

m
~

d
~

~
o

n
~

~
o

~
 

n
 m

d
 

c
 

n
 n

 
o

 
4
 3

 
4
 u 

U
Y

 
o

 0
0

 
o

 o
~

o
o

r
n

m
o

~
o

n
o

n
o

n
o

n
o

o
o

m
~

n
o

~
o

~
~

~
~

~
o

n
 

o
 

n
+

 
o

 n
 o

 
o

 
4

,
 

d
 

o
n

~
n

a
n

n
n

n
n

r
l

d
n

~
r

n
n

n
n

n
n

 

F: 
2z 

#
 * 

L
ID

 
o

 
o

n
 

n
 
o
o
o
o
o
o
~
o
w
o
n
o
w
o
w
o
o
o
n
o
n
~
~
o
~
o
o
o
o
o
m
o
o
 

o
 *

C
 

r
l 

o
 o

 
o

 
o

 0
-

 - 
o

n
n

o
w

d
-

o
n

0
-

0
-

0
-

0
-

o
w

o
r

n
o

-
o

*
o

w
o

w
o

w
o

n
 

- 
n

o
 

c- 
o

 o
 

o
 

o
 o

r
 

r
 

o
o
o
o
o
~
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
 o

 r
m

 
r
 

o
 o

 
o

 
2
 

n
 

n
 

r
l
d

 
r
l 







Georgia Base Case Every Year 9/26/98 
Total Annual Costs 

Geore~a Electr~cltv Sector Least Cost Develo~ment Plan 

Region Systnm Pagei 5 26 09/30/98 
Year: 2012 

Variable Costs fmDS$ 0 001US$) ~ i x s d  cost8 Total Coats 

Capacity Gener C F Fuel VOM Total Capital FOM Total Total 
Unit Nsms IWI [GWhl [%I mus$/kWh mUS$/kWh MUSS mUs$/kwh uS$/kW/a us$/kW/a MUSS MUSS mUs$/kwh 

TBILISI CHP EX ETEB 18 6 3 40 2 24 58 2 78 1 74 27 36 0 00 0 00 0 00 1 74 27 36 

CHP Steam Cycle 18 63 40 2 24 58 2 78 1 74 27 36 0 00 0 00 0 00 1 74 17 36 

Total 3712 13699 42 1 7 44 0 53 109 15 7 97 22 09 4 26 97 81 206 96 15 11 
( ) Ind Boiler and Boiler House unitary costs per IMcall not included in the total averages of unitary costs 
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Geore~a Electrlc~tv Sector Least Cost Develo~ment Plan 

Georgia Base Case Every Year 9/26/98 
Total Annual Costs 

Regions system Page 5 28 09/30/98 
Yearr 2013 

Variable Cost. (mVS$-0 001US$l Fixed costs Total Costs 

Capacity Gener C F Fuel VOU Total Capital POW Total Total 
Unit Name [ml [Gwhl [%I mus$/kWh mUS$/kWh W S $  mUS$/kWh US$/kW/a US$/kW/a MUSS MUSS mUSS/kWh 

TBILISI QIP EX ETEE 18 63 40 2 24 58 2 78 1 74 27 36 0 00 0 00 0 00 1 74 27 36 

QIP Steam Cycle 18 63 40 2 24 58 2 78 1 74 27 36 0 00 0 00 0 00 1 74 27 36 

Total 3757 13997 42 5 7 63 0 53 114 15 8 16 22 45 4 29 100 45 214 60 15 33 
( ) Ind Boiler and Boiler House unitary costs per [Ucall not included in the total averages of unitary coats 
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Georgia Electr~ciQ Sector Least Cost De\eloprnent Plan 

Gaorgia Basn Case Every Year 9/26/98 
Total Annual Costa 

Region Systu Page 
Year 2014 

Variable Costs (=US$ 0 OOlOSS) Tixed costs Total Costs 

capacity 
[MI1 

c P Pus1 VOM ~ o t a l  capital run Total 
[%I nUS$/kwb nn~SS/kwb m S S  nUS$/kWh OS$/kY/a uS$/k~/a msS 

Total 
m S S  ~nVSS/kvh 

m m 1  NBNX 
w m 1  RxE3B 1 NElP 
m G m I  RXHAB NBlP 
VARDNILI 1 W A X  
VARDNILI 1 REH NvlP 
VARDNILI 2 4 R Nv2P 
m 0 N I  1 Nx1P 
ATZIIgSI SATE 
ARIIgSI FSHAB SAlP 
-TI 1 WGIE 
GmUTI 1 REHAB WGAP 
-TI 2 WG2E 
-TI 2 REHAB WGBP 
LAJANORI - 
wm1 REHAB wLRP 
RIONI WRIE 
RIONI RBIUg WRRP 
%OR1 WSHE 
SEAORI REHAB WSRP 
TXIBVLI UTBE 
TXIBULI RKIUB KTRP 
VARTSIBIE 1 4 W V M  
VARTSIBIE 1 4R HVlW 
JINVUI CJIE 
JINVALI REHAB CJRP 
KmAHI 1 EKlE 
-1 1 REHAB EKAP 
KmAHI 2 EK2E 
2aP.AHI 2 RmAB ElCBP 
ORTACBAWI IORE 
ORTAQULA w roAP 
Z m S I  E Z M  
WiESI REHAB EZlP 

Hydro 

GARD- 400CC EGTP 
GARDABAN1 320CC EGOP 

Cembinsd Cycla 

EATDM1 OPO SBCP 

Gas Turbine 

Renewable 
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Georgra Electrrclty Sector Least Cost Development Plan 

Georgia Base Case Every Year 9/26/98 
Total Annual Costs 

Region: Year 2020 System Pager 5 34 09/30/98 

Variable Costs (mUS$-0 001WS$3 Fixed Costs Total Costs 

CapacityGener C F  Fuel VOM Total Capital FOM Total Total 
Unit Name [MW] [ m ]  [%]  mUS$/kWh mUS$/kWh MUSS mWS$/kWh uS$/kW/a U S $ / ~ W / ~  MUSS MUSS m ~ ~ $ / k W h  

TBILISI CHP EX ETEE 18 6 3 40 2 25 72 2 78 1 81 28 50 0 00 0 00 0 00 1 81 28 50 

CHP Steam Cycle 18 6 3 40 2 25 72 2 78 1 81 28 50 0 00 0 00 0 00 1 81 28 50 

Total 4590 18218 45 3 9 04 0 55 174 78 9 59 28 22 4 25 149 06 323 84 17 78 
( I Ind Boiler and Boiler House unitary costs par [Mcall not included in the total averages of unitary costs 
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Georgra Electrlclh Sector Least Cost Delelopment Plan 

Regianr S y ~ t w ~  Page 6 3 09/30/98 Goorgia Base Case Every Year 9/26/98 
Capacity S-ry Report 

Capacity Retired and Retrofitted t1IWl (ailers IG3/hl not inc 
Oni t 2000 1001 2002 2003 2004 

SEAOR1 RKHAB 
TKIBULI 
TKIBULI RgRMI 

VARTSIKHK 1 4 
VARTSII[RE 1 4R 
JINVALI 
JINVALI REIVg 

KExmsI 1 
-1 1 REIUB 
KExmsI 2 
FnPJnI 2 RKHAB 
ORTACXALA 
ORTACEALA RglU 

WIESI 
WIBSI REIVg 

WSRP 
WTBK 
KfRP 
WAE 
YYRP 
CJIK 
CJRP 
KXlK 
KXAP 
KKZK 
K W P  
KORK 
KOAP 
K Z M  
KZlP 

Total 0 0 60 290 618 

Total Capacity IWW] (Boilsrs [GJ/hl not included in total) 
Oni t 2000 2001 2002 2003 2004 

GAQDABANI 4OOCC KGTP 
GARDABANI 320CC KGOP 
GARDABAN1 38 K38K 
W A B A N I  910 K91X 
TBILISI (31P KX KTKK 
BATUHI FRI SBCP 
EHmRI NENE 
KNGrmI RgIUg 1 NK1P 
K N m 1  RgIUB NElP 
VARDNILI 1 JiVM 
VARDNILI 1 REB NVlP 
VARDNILI 2 4 R NV2P 
WUDONI 1 NKlP 
ATZHHSI SATL 
ATZHKSI SAlP 
GmULTI 1 WGlK 
-TI 1 FmiAB YCAP 
GUEULTI 2 WG2K 
-TI 2 R K M B  WGBP 
LAJ-I WLM 
LAJAHDRI REIUB w 
RIONI WRIK 
RIONI RKRAB WRRP 
SIUORI WSHK 
SHbORI REIVg WSRP 
TXIBDLI kTBE 
TKIBULI RgRMI KPRP 
VARTSIKHK 1 4 WAE 
VARTSIXRg14R WRP 
JINVALI CJIK 
JINVALI ILElUg CJRP 
lMIUZI11 KXlK 
-1 1 RKHAB X I U P  
-1 2 KKlK 
KExms1 2 REIVg K W P  
ORTACIUIWI K O M  

luded in total1 
2005 2006 

F~nal Report 

Volume 2 Append~x 9 Page 78 September 1998 
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Georg~a Electrlc~ty Sector Least Cost Development Plan 

Georgia Base Case Every Year 9/26/98 
Transmission Report 

Pager 12 5  09/30/98 
Year: 2004 

Transmission Between Regions 
TWh Sent (TWh Received) 

Source/Dest NORTH S O m  WEST CENTRAL EAST Total 
NORTH O O (  0 0 )  l o (  l o )  2 7 (  2 5 )  o n (  0 0 )  O O (  0 0 )  3 8 (  3 5 )  
SOUTH O O (  0 0 )  O O (  0 0 )  O O (  0 0 )  O O (  0 0 )  O O (  0 0 )  O O (  0 0 )  
WEST o o (  0 0 )  O O (  0 0 )  O O (  0 0 )  2 6 (  2 4 )  O O (  0 0 )  2 6 (  2 4 )  
CENTRAL O O (  0 0 )  D O (  0 0 )  O O (  0 0 )  O O (  0 0 )  2 1 (  1 9 )  2 1 (  2 0 1  
EAST o o (  0 0 )  0 0 (  0 0 )  O O (  0 0 )  O 3 (  0 2 )  O O L  0 0 )  O 3 (  0 2 )  
Total o o (  0 0 )  1 0 (  1 0 )  2 7 (  2 5 )  2 9 (  2 6 )  2 1 (  1 9 )  8 7 (  8 1 )  
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Georg~a Electr~c~ty Sector Least Cost Development Plan 

Georgia Base Case Every Year 9/26/98 
Transmiasion Report 

Page 12 7 09/30/98 
Yaart 2006 

Transmiasion Between Regions 
TWh Sent (TWh Received) 

Source/Dest NORTH SOUTH WEST CENTRAL EAST Total 
NORTH O O (  0 0 )  1 2 (  1 1 )  3 0 (  2 8 )  O O (  0 0 )  O O (  0 0 )  4 2 (  3 9 )  
SOUTH O O (  0 0 )  D O (  0 0 )  O O (  0 0 )  O O (  0 0 )  O O I  0 0 )  O O (  0 0 )  
WEST D O (  0 0 )  O O (  0 0 )  O O (  0 0 )  2 8 (  2 6 1  O O (  0 0 ,  2 8 (  2 6 )  

CENTRAL O D (  0 0 )  o o (  0 0 )  o i (  0 1 )  O O (  o o )  2 2 (  2 1 )  2 3 (  2 2 )  

EAST 0 0 (  0 0 )  0 0 (  0 0 )  0 0 (  0 0 )  0 4 (  0 4 )  O O (  0 0 )  0 4 (  0 4 )  

Total O O (  0 0 )  l 2 (  1 1 )  3 1 (  2 9 )  3 2 (  2 9 )  2 2 (  2 1 )  9 6 (  8 9 )  

Flnal Report 
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Ceorg~a Electr~c~ty Sector Least Cost Development Plan 

Georgia Base Case Every Year 9/26/98 
Transmission Report 

Pager 12 9 09/30/98 
Year 2008 

Transmission Between Regions 
TWh Sent (TWh Received) 

Source/Dest NORTH SOUTH WEST CENTRAL EAST Total 
NORTH 0 0 (  0 0 )  1 2 (  1 1 )  2 9 (  2 7 )  O O (  0 0 )  O O (  0 0 )  4 1 (  3 8 )  
s o m  O O (  0 0 )  O O (  0 0 )  O O (  0 0 )  O O (  0 0 1  O O (  0 0 )  O O (  0 0 )  
WEST 0 0 (  0 0 )  0 0 (  0 0 )  O O (  0 0 1  3 0 (  2 8 )  O O (  0 0 )  3 0 (  2 8 )  
CENTRAL 0 0 (  0 0 )  0 0 (  0 0 )  0 1 (  0 1 )  0 0 (  0 0 )  Z 3 (  2 2 1  2 5 (  2 3 )  
EAST 0 0 (  0 0 )  O O L  0 0 )  O O (  0 0 )  0 4 (  0 4 )  O O (  0 0 )  0 4 (  0 4 )  
Total 0 0 (  0 0 )  1 2 (  1 1 )  3 1 (  2 8 )  3 4 (  3 2 )  2 3 (  2 2 )  l o o (  9 3 )  
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Ceorg~a Electrlclty Sector Least Cost Development Plan 

Georgia Base Case Every Year 9/26/98 
Transmission Report Yearr 2020 

Transmission Between Regions 
TWh Sent (TWh Received) 

Source/Dest NORTH SOUTH WEST CE-L EAST Total 
NORTH 0 0 1  0 0 )  2 0 (  1 8 )  3 2 (  3 0 )  O O (  0 0 )  O O (  0 0 )  5 2 (  4 8 )  
s o m  D O (  0 0 )  0 0 1  0 0 )  0 3 1  0 3 )  O O I  0 0 )  O O (  0 0 )  0 3 (  0 3 )  

WEST D O (  0 0 )  0 1 (  0 1 )  O O (  0 0 )  3 1 (  2 9 )  O O (  0 0 )  3 2 (  3 0 )  

CENTRAL O O (  0 0 )  o o (  0 0 )  0 6 (  0 6 )  o o (  0 0 1  2 3 1  2 2 )  2 9 (  1-11 

EAST O O (  0 0 )  0 0 (  0 0 )  0 0 (  0 0 )  1 4 (  1 3 )  O O (  0 0 )  1 4 (  1 3 )  
Total O O (  0 0 )  2 1 (  1 9 )  4 2 1  3 9 )  4 5 (  4 2 )  2 3 (  2 2 )  1 3 0 ( 1 2 1 1  

Final Report 
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Ceoreia Electncitr Sector Least Cost De\eloament Plan 

Georgia Bass Case K v a y  Year 9/26/98 
h a n d a s i o n  Report 

h a n d s s i o n  Builds Report 

h a n d s s i o n  Builds tMWl 

Source Destination MW Built 
L h k  # Region Region 2000 2001 2002 2003 2004 1005 2006 1007 2008 2009 2010 2011 2011 1013 2014 2015 

h a n d s s i o n  Builds tMW1 

Source Destination MW Built 
Link I Region Region 2020 

~sduced Costs Ius$/kW/al 

Source Destination Reduced Cost 
 ink I ~egion ~sgion 1000 2001 ZOO2 1003 2004 ZOOS 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 

Rsducsd Costs tUS$/kW/al 

Source Destination Reduced Cost 
 ink # ~sgion Region 2020 

F~nal Report 
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Georg~a Electrlclty Sector Least Cost Development Plan 

Hiah Growth Scenario 
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Ceore~a Electrlcltv Sector Least Cost Develooment Plan 

Georgia High Growth 9/24/98 
Regional Summaw Report 

Region, Systam Page: 1 2 09/30/98 

Capacity Avoided Costs [USS/kW/al 

10 Capacity by Plant Type IMWl 

Coal 
Oil/Gas Steam 
Hydro 
Combined Cycle 
Gas Turbine 
Renewable 
CHP steam Cycle 

11 Capacity Additions and Changes 
by Plant Type IMWI 

Coal 
Oil/Gas steam 
Hydro 
Combined Cycle 
Gas Turbine 
Renewable 
CHP Steam Cycle 

Total 

12 Generation by Plant Type [GWhl 

Coal 
Oil/Gas Steam 
Hydro 
Combined Cycle 
Gas Turbine 
Renewable 
CHP Steam Cycle 

Total 

Generation by Plant Type IPJI 

Coal 
Oil/Gas Steam 
Hydro 
Combined Cycle 
Gas Turbine 
Renewable 
CHP Steam Cycle 

Total 

F~nal Report 

Volume 2 Append~x 9 Page 10 1 September 1998 



Ceorgla ElectnciQ Sector Least Cost Delelopment Plan 

G e o r g i a  H i g h  G r o w t h  9 / 2 4 / 9 8  
R e g i o n a l  w r y  R e p o r t  

1 4  C a p a c i t y  F a c t o r  b y  P l a n t  Type [$I 

C o a l  
O i l / G a s  S t e =  
Hydro  
Ccmbinad C y c l e  
Gas  T u r b i n e  
R a n e n a b l e  
m s t e a m  C y c l e  

A v e r a g e  

1 5  T o t a l  m u a l  C o s t  [HUSSI 

V a r i a b l e  O m  
Fixed O m  
A t e 1  
C a p i t a l  

T o t a l  

SO2 [ k t 1  
NOX [ k t ]  
TSP [ k t 1  
a 2  [ X t l  
C a r b o n  [ H t l  
MER [ t l  

R e g i o n  S y s t e m  P a g s t  1 3 0 9 / 3 0 / 9 8  

Flnal Report 
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Georg~a Electnc~Q Sector Least Cost Debelopment Plan 

Georgia High Growth 9/24/98 
Total m u a l  Costs 

~egion Systea Paga 5 6 09/30/98 
year 2010 

Variable Costs InUSS-0 001USSl Pixed Costs Total Coats 

Capacity Ganer C ?  Pus1 VOn Total Capital FDLl Total Total 
Unit N- (mrl [G'Hhl [%I mUSS/kUh nUSS/kwh XUSS dJSS/kNh usS/kW/a USS/kW/a MUSS W S S  SJS$/kwh 

P O N I ~  CPOP 
RUSPAVI NIXVARI CRUP 
ABULI EBUP 
m s o  EtmP 
m m 1  W C  E m  
ZESTILPONI C U C  WZCP 
TSICWHIS-I C YPSP 

Hydro 

W A B A N I  4OOCC E m  
C O D  CYCU 400 SGTP 
COMB CYCLE 400 WGTP 
W A B A N I  31OCC EGOP 
CaRDABANI 11- EGSP 

Combinad Cycle 

GMLDABANI 1 5 0 m  EGGP 
GASTrmB150 SGGP 
C3S T[IRB 150 WGGP 
M T W I  GTU SBCP 

Gas Rvhine 

Renewable 

TBILISI CXP EX ETEE 
TBILISI CHP RH ETRP 

QtP Staam Cycla 

Total 3771 14181 41 9 7 85 0 53 118 86 8 38 21 32 4 30 96 67 115 53 15 10 
( ) Ind Boiler and Boiler Bouaa unitary costs par [%call not included in the total averages of unitary costs 

F~nal Report 

Volume 2 Append~x 9 Page 108 September 1998 
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Georg~a Electrlc~ty Sector Least Cost Development Plan 

Georgia High Growth 9/24/98 
Capacity Summary Report 

Existing Capacity IMWI (Boilera [GJ/hl not included in total) 
Unit 2000 2005 2010 2015 2020 

GARDABANI 4OOCC EGTP 
COMB CYCLE 400 SGTP 
COMB CYCLE 400 WGTP 
GARDABAN1 320CC EGOP 
OARDABANT 150GT EGGP 
GAS TORB 150 SGGP 
GAS TORB 150 WGGP 
GARDABAN1 4 7 EGlP 
GARDABANI 5 6 EG2P 
GARDABANI 38 E38E 
GARDABANI 910 E91E 
GARDABANI 91OR EG9P 
GARDABANI llSTC EGSP 
TKIBULI COAL WTCP 
TBILISI CHP EX ETEE 
TBILISI CHP R l  ETRP 
BATDM1 GTU SBCP 
ENOUR1 WEN8 
E N m I  REHAB NElP 
VARDNILI 1 NVAE 
VARDNILI 1 REH NVlP 
VARDWILI 2 4 R NV2P 
XHODONI 1 NKlP 
ATZHESI SATE 
ATZHESI REHAB SAlP 
GUMATI 1 WGlE 
GUMATI 1 REHAB WGAP 
GUMAT1 2 WG2E 
GUMATI 2 REHAB WGBP 
LAJANURI WLAE 
LAJANURI REHAB WLRP 
RIONI WRIE 
RIONI REHAB WRRP 
SKAORI WSHE 
SHAORI REHAB WSRP 
TKIBULI WTBE 
TKIBULI REHAB WTRP 
VARTSIlME 1 4 WVAE 
VARTSIKHE 1 4R WVRP 
TVISHI WTVP 
NAMAKHVANI h'NAP 
JONETI WJOP 
JINVALI CJIE 
JINVALI REHAB CJRP 
KHRF.MI 1 EKlE 
K H W I  1 REHAB BKAP 
KlmAHI 2 EK2E 
lCHRAId1 2 REHAB EKBP 
ORTACHRWL EORE 
ORTACHALA REHA EOAP 
ZANESI EZAE 
ZANESI REHAB EZlP 
CHERI WICP 
JORKVALI WIRP 
TSAGERI WTTP 
PARAVANI WPPP 
MINADZE WMLdP 

Region: Syatem Pager 6 1 09/30/98 

Final Report 

Volume 2 Append~x 9 Page 1 13 September 1998 
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Georg~a Electrlclty Sector Least Cost Development Plan 

Georgia High Growth 9/24/98 
Capacity Summary Report 

Region: System Pager 6 3 09/30/98 

Capacity Additions and Retrofits [ W I  (Boilers [GJ/hl not included in total) 
Unit 2000 2005 2010 2015 2020 

NAMAKHVANI WNAP 
JONETI WJOP 
JINVALI CJIE 
JINVALI REHAB CJRP 
KHRAMI 1 EKlE 
KHRAMI 1 REHAB EKAP 
lMRAMI2 EKZE 
-1 2 REHAB EKBP 
ORTACHALA EORE 
ORTACHALA REHA EOAP 
ZAHESI EZAE 
ZAHESI REHAB EZlP 
W R I  WICP 
JORKVALI WIRP 
TSAGERI WTTP 
PARAVAN1 WPPP 
MINADZE WMMP 
STORI 1 NSlP 
STORI 2 N S ~ P  
DZERVA (PZP 
PONICHALA CPOP 
RUSTAVI KTKVARI CRUP 
ABULI EBUP 
KUTSO EMUP 
GWAZEULI CASC EGUP 
ZESTAPONI CASC WZCP 
TSKHENISTK?LLI C W S P  
WIND FARM M S CWIP 

Total 

Capacity Retired and Retrofitted [ W I  (Boilers tGJ/hl not included in total) 
Unit ZOO0 2005 2010 2015 2020 

GARDABANI 4OOCC EGTP 0 0 0 0 0 
CONE CYCLE 400 SGTP 0 0 0 0 0 
C O m  CYCLE 400 WGTP 0 0 0 0 0 
GARDABANI 320CC EGOP 0 0 0 0 0 
GARDABAN1 150GT EGGP 0 0 0 0 0 
GAS TURB 150 SGGP 0 0 0 0 0 
GAS TURB 150 WGGP 0 0 0 0 0 
GARDABAN1 4 7 EGlP 0 0 0 0 0 
GARDABANI 5 6 EGZP 0 0 0 0 0 
GARDABANI 38 E38E 0 180 0 0 0 
GARDABAN1 910 E91E 0 0 0 0 0 
GARDABANT 9lOR EG9P 0 0 0 0 0 
GARDABANI llSTC EGSP 0 0 0 0 0 
TKIBULI COAL W C P  0 0 0 0 0 
TBILISI CHP EX ETEE 0 0 0 0 0 
TBILISI CHP R .  ETRP 0 0 0 0 0 
B A m I  GTU SBCP 0 0 0 4 5 0 
ENGURI NENE 0 880 0 0 0 
ENGURI REHAB NElP 0 0 0 0 0 
VARDNILI 1 NVAE 0 0 0 0 0 
VARDNILI 1 REX NVlP 0 0 72 0 0 
VARDNILI 2 4 R NV2P 0 0 0 0 0 
ICHUDONI 1 NK1P 0 0 0 0 0 
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Ceorg~a Electnc~tv Sector Least Cost De\eIopment PIan 

Georgia Eigh G r a d  9/24/98 
Capacity S m r y  Report 

Capacity Retired and Retmfitted INHI (Bailers lW/h) not included in total) 
Unit 2000 2005 2010 2015 2020 

ATZHXSI SATX 
ATZHESI REBAB S U P  
m T 1  1 hTlE 
-TI 1 REBAB W W  
GUZY\TI 2 WG2E 
-TI 2 RKIUB WGBP 
LPJ-I ULAE 
LAJlUmRI RXnAB YLRP 
RIONI WRIE 
RIONI RKIUB liRQ.P 
SEAOR1 W S W  
SWORI REBAB WSRP 
TKIBOLI WraE 
TKIBULI RXHAB KIllP 
VARTSIXAE 1 4 WAX 
VARTSIIMg 1 4R HVT@ 
WISH1 WlVP 
trmaxnvANI WNAP 
JONBTI WJOP 
JINVALI CJIE 
JIrnALI REBAB CJRP 
131RAnI 1 EXlE 
ICARIUII 1 RKIUB El[AP 
ICIIRRIII 2 EKlE 
131RAnI 2 REHAB EWP 
ORTACAAth SORE 
O R T A W  REHA EOAP 
ZAHESI EZAE 
ZAHXSI RXnAB EZlP 
QiERI WICP 
JORKVAr.1 WIRP 
TSAGZRI KlTP 
PARAVANI WPPP 
KINADZE W4lW 
SMRI 1 NSlP 
SMRI 2 NSlP 
DZERVA (PZP 
PONICFIALA CPOP 
RUSTAVI -MI CRUP 
ABULI EBUP 
m s o  m 
GmULZEOLI CbSC E r n  
ZESTAPONI CASC KLCP 
TSKHENISTXICLI C WTSP 
WIND FARM M S (IXIP 

Total 

Capacity Retired Early 
unit 

0 0 0 0 0 
0 0 12 0 0 
0 0 0 0 0 
0 0 33 0 0 
0 0 0 0 0 
0 0 23 0 0 
0 0 0 0 0 
0 60 0 0 0 
0 0 0 0 0 
0 0 4 9 0 0 
0 0 0 0 0 
0 0 3 8 0 0 
0 0 0 0 0 
0 0 80 0 0 
0 0 0 0 0 
0 0 140 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 6 5 0 0 0 
0 0 0 0 0 
0 113 0 0 0 
0 0 0 0 0 
0 110 0 0 0 
0 0 0 0 0 
0 0 18 0 0 
0 0 0 0 0 
0 0 37 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

0 1408 502 45 0 

[mil (before md of Technical LiFa) 
2000 1005 2010 2015 2010 

Total 0 0 0 0 0 

Region: Syst5 Page 6 4 09/30/98 
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Georg~a Electnc~ty Sector Least Cost Development Plan 

Georgia High Growth 9/24/98 
Capacity Summary Report 

Total Capacity [MWI (Boi 
Unit 

GARDABANI 4OOCC EGTP 
COMB CYCLE 400 SGTP 
COMB CYCLE 400 WGTP 
GARDABANI 320CC EGOP 
GARDABANI 150GT EGGP 
GAS TURB 150 SGGP 
GAS TWRB 150 WGGP 
GARDABANI 4 7 EGlP 
GARDABANI 5 6 8G2P 
GARDABANI 38 E38E 
GARDABANI 910 E91E 
GARDABANI 91OR EG9P 
GARDABANI llSTC EGSP 
TKIBULI COAL WTCP 
TBILISI CHP EX ETEE 
TBILISI CHP RH ETRP 
BATUMI GTD SBCP 
ENGWI NZNE 
ENGURI REHAB NElP 
VARDNILI 1 NVAE 
VARDNILI 1 REH NVlP 
VARDNILI 2 4 R NVZP 
XHQDONI 1 NKlP 
ATZHESI SATE 
ATZHBSI REHAB SAlP 
GUMATI 1 WGlE 
GUMAT1 1 REHAB WGAP 
OmdATI 2 WG2E 
GUMATI 2 REHAB WGBP 
L A J m I  WLAE 
LAJANVRI REHAB WLRP 
RIONI WRIE 
RIONI REHAB WRRP 
SHAORI WSHE 
SHAORI REHAB WSRP 
TKIBULI WrBS 
TKIBOLI RBHAB WTRP 
VARTSIlCWE 1 4  WYAE 
VARTSIKHE 1 4R WVRP 
WISH1 WTVP 
NAmxlwANI WNAP 
JONETI WJOP 
JINVALI CJIE 
JINVALI REHAB CJRP 
KHPJXI 1 EKlE 
K H M I  1 REHAB EKAP 
IMRA16I 2 EKZE 
KHRlMI 2 REHAB EKBP 
ORTACHALA EORE 
ORTACHALA REHA EOAP 
ZAHESI EZ AE 
ZAHESI REHAB EZlP 
CHERT WICP 
JORKVALI WIRP 
TSAGERI WTTP 
PARAVANI WPPP 
MINADZB W P  

r/hl not 
2005 

0 
0 
11 
130 
0 
0 
0 
0 
0 
0 

600 
0 
0 
0 

Regions System Page 6 5 09/30/98 

included in total) 
2010 2015 2020 

150 428 1168 
0 0 0 

126 193 487 
320 320 320 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 127 
0 0 0 

600 600 600 
0 0 0 
0 0 0 
0 0 0 
18 18 18 
0 0 0 

45 0 0 
0 0 0 

260 260 260 
1040 1040 1040 

0 0 0 
216 216 216 
4 0 4 0 4 0 
0 371 638 
0 0 0 

12 12 12 
0 0 0 
44 44 44 
0 0 0 

23 23 23 
0 0 0 

112 112 112 
0 0 0 
49 49 4 9 

0 0 0 
38 3 8 3 8 
0 0 0 

80 80 80 
0 0 0 

184 184 184 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

130 130 130 
0 0 0 

113 113 113 
0 0 0 

110 110 110 
0 0 0 

18 18 18 
0 0 0 

44 44 4 4 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
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Georg~a Electrlclty Sector Least Cost Development Plan 

Georgia High Growth 9/24/98 
Fuel Consumption Report 

Puel Consumption by Fuel and Fuel 

Fuel 2000 
HYDRO 0 0 

Hydro 0 0 

GAS-so 0 0 
GAS-WE 0 0 
GAS1 30 5 
GAS2 0 0 

Gas 30 5 

OIL1 0 0 
OIL2 0 0 

Oil 0 0 

C1 0 0 
Coal 0 0 

Nuclear 0 0 

NONE 0 0 
NONE 0 0 

Grand Total 30 5 

Type [PJI 

Fuel Costs by Fuel 

Puel 
HYDRO 
Hydro 

GAS-so 
GAS-WE 
GAS1 
GAS2 
Gas 

OIL1 
OIL2 
Oil 

C1 
Coal 

Nuclear 

NONE 
NONE 

and Puel Type [MOSS1 

2000 2005 
0 0  0 0  
0 0  0 0  

0 0  0 0  
0 0  0 7  

54 5 70 6 
0 0  0 0  

54 5 71 3 

0 0  0 0  
0 0  0 0  
0 0  0 0  

0 0  0 0  
0 0  0 0  

0 0  0 0  

0 0  0 0  
0 0  0 0  
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Georg~a Electrlclty Sector Least Cost Development Plan 

Georgia High Growth 9/24/98 
Transmission Report 

Transmission Builds Report 

Transmission Builds [WI 

Source Destination 
Link # Region Region 

29 WEST CENTRAL 
3 0  CENTRAL WEST 
31 NORTH RUSSIA 
3 2  RUSSIA NORTH 
33 CENTRAL AZBRBJ 
34 AZERBJ CENTRAL 
35 WEST NORTH 
36 NORTH WEST 
37 CENTRAL TURKEY 
3 8  TURKEY CENTRAL 
3 9  CENTRAL EAST 
40 EAST CENTRAL 
41 SOUTH WEST 
4 2  WEST SODTX 
43 SOUTH NORTH 
44 NORTH SOUTH 

Reduced costs [us$/kw/al 

Source Destination 
Link # Region Region 

29 WEST CENTRAL 
3 0  CENTRAL WEST 
3 1  NORTH RUSSIA 
3 2  RUSSIA NORTH 
33 CENTRAL AZERBJ 
34 AZERBJ CENTRAL 
35 WEST NORTH 
3 6  NORTH WEST 
37 C E m L  TURXBY 
3 8  TURKEY CENTRAL 
3 9  CENTRAL EAST 
4 0  EAST CENTRAL 
41 SOUTH WEST 
42 WEST SOUTH 
43 SOUTH NORTH 
44 NORTH SOUTH 

PIW Built 
2000 2005 

0 0  0 0  
0 0  0 0  
0 0  0 0  
0 0  0 0  
0 0  0 0  
0 0  0 0  
0 0  0 0  
0 0  0 0  
0 0  0 0  
0 0  0 0  
0 0  0 0  
0 0  0 0  
0 0  0 0  
0 0  0 0  
0 0  0 0  
0 0  0 0  

Reduced Cost 
2000 2005 

0 0  9 5  
0 0  0 0  
0 0  0 0  
0 0  0 0  
0 0  0 0  
0 0  1 0  

16 7  1 5  9  
0 0  0 0  
0 0  0 0  
0 0  0 0  
0 0  0 0  
9 0  0 0  
0 0  0 0  
0 7  0 0  
9 5  8 6  
0 0  0 0  
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Georg~a Electrlc~ty Sector Least Cost Development Plan 

Georgia Base Case+Transfer of Energy 9/27/98 
Regional Summary Report 

Region: System Page 1 1 09/30/98 

1 Reserve Margin Capacity [mI 2279 2513 3013 3185 3978 
Plus Firm Purchases [XW] 0 0 0 0 0 

Total Reserve Margin Capacity [MWI 2279 2513 3013 3185 3978 

2 System Peak Load [MWI 
Plus Firm Sales [MWI 

system Net Damand [MWI 

3 system Reserve Margin [%I 

4 Generation [GWhl 9519 11016 13392 14865 18467 
Inter Region Transmission [GWhl 993 1306 1335 1306 1454 
Plus Purchases [GWhl 3276 3276 3276 3276 3276 
Less Sales [GWhl 2978 2978 2978 2978 2978 

5 Total Supply for Demand [GWhl 8824 10008 12355 13857 17311 

6 Projected Damand [GWhI 
Energy Not Served [GWhl 

Net Demand [GWhl 

7 Dumped Energy fGWhl 

8 Total Supply for Demand [OWhl 8824 10008 12355 13857 17311 
Less ThD Losses [GWhl 882 1001 1236 1386 1731 

9 Total Sales [GWhl 7942 9007 11120 12471 15580 
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Georg~a Electr~c~ty Sector Least Cost Development Plan 

~ e o r g i a  Base Case+TranIISfer of Energy 9/27/98 
Regional Sunmrary Report 

Region System Pager 1 3 09/30/98 

14 Capacity Factor by Plant Type [%I  

Coal 
Oil/Gas Steam 
Hydro 
Combined Cycle 
Gas Turbine 
Renewable 
CHP Steam Cycle 

Average 

15 Total Annual Cost [MUSS] 

Variable OPM 
Fixed OhM 
Fuel 
Capital  

Total 

16 Emissions 

SO2 [kt] 
NOX [kt1 
TSP [kt1 
coz [Mtl 
Carbon [Mtl 
mR It1 
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Georgla E l e c t n c ~ ~  Sector Least Cost Development Plan 

Georgia Base Case+hansfer of Energy 9/27/98 
Resource Purchases and Sales by Season and Plant 

Capacity Y I ~ R  SPRING 
Plant Hans R H Dispatch ItWhl C P Avail [GWh] C P Avail 

Coal 0 0 0 N/A 0 0 0 N/A 0 0 -- 4 7 EGlP 0 0 
GARDABAN?. 5 6 EGZP 0 0 
GARDABANI 38 E38E 180 180 
GARDABAN?. 910 E91E 600 600 
GARDABAN?. 9IOR EG9P 0 0 

OillGas Steam 780 780 2003 88 4 93 7 581 25 4 70 7 

K N m 1  WEHE 
KNGURI REHAB 1 NElP 
KNGURI REHAB HElP 
VrnNILI 1 N V m  
VARDNILI 1 RKH NVlP 
VARDHTLI 2 4 R Nv2P 
m O N I  1 NKlP 
ATZKgSI SATK 
AnRESI RSHAB S U P  
-TI 1 WGlE 
GUMAT1 1 REILAB WGAP 
-TI 2 WG2E 
-TI 1 RKIUB WGBP 
W ~ I  m A K  
w-I RHuB WLRP 
RIONI WRIE 
RIONI RBIIBB WRRP 
SHAORI WSKg 
SRAORI REHAB WSRP 
TKIBULI KPBE 
TXIBWLI REILAB m 
VARTSIXHE 1 4 WVAK 
VARTSIKHE 1 4R WTRP 
W I S H 1  m 
NAMmavANI WHlrP 
JONKTI WJOP 
JIWALI CJIE 
JINVALI RKIUB CJRP 
KNRAXI 1 KKlB 
XIERAHI 1 RKIUB E W  
XIERAHI 2 BKf B 
KHPAEI 2 REHAB EKBP 
ORTA- EORE 
ORTACRXA RKHA BOAP 
ZAHESI EZAK 
W S I  IUUUg EZlP 
CRgRI WICP 
JOP-KVALI YIRP 
TSAGBRI YrPP 
P A R A W  WPPP 
YIINADZE WHldP 
STORI 1 NSlP 
STDRI 2 NS2P 
DZERVA [PZP 
PONI(ILuJI BPOP 

35 3 92 0 
N/A 92 0 
N/A 91 0 
91 0 92 0 
N/A 92 0 
N/A 9 2 0  
N/A 88 0 
57 6 95 9 
N/A 95 9 
67 3 95 9 
N/A 95 9 
59 9 95 9 
N/A 95 9 
89 9 95 9 
N/A 95 9 

78 1 95 9 
N/A 9 5 9  
35 6 95 9 
N/A 95 9 
14 9 95 9 
N/A 95 9 

75 1 95 9 
N/A 95 9 
N/A 95 9 
N/A 95 9 
N/A 95 9 
72 0 95 9 
NIA 95 9 

18 1 92 0 
N/A 92 0 
20 5 95 9 
N/A 95 9 

34 1 95 9 
N/A 95 9 
63 7 95 9 
N/A 95 9 
N/A 95 9 
N/A 9 5 9  
N/A 9 5 9  
N/A 95 9 
HJA 95 9 
NIA 95 9 
N/A 95 9 
H/A 95 9 
N/A 95 9 

Region s y s t u  Page I 1 09/30/9a 
Year 2000 

SVllZIER FALL 
[GWhl C F Avail 1-1 C r Avail 

Total 
[GHhl C T Avail 

Flnal Report 

Volume 2 Append~x 9 Page 130 September 1998 



Georg~a Electrlc~ty Sector Least Cost Development Plan 

Georgia Base Case+TranSfer of Energy 9/27/98 
Resource Purchases and Sales by Season and Plant 

Region System Pager 2 2 09/30/98 
Years ZOO0 

Capacity 
Plant Name R M Dispatch 

WINTER 
[GWhl C F Avail 

SPRING 
[GWhl C F Avail 

0 N/A 9 5 9  
0 N/A 9 5 9  
0 N/A 9 5 9  
0 N/A 9 5 9  
0 N/A 9 5 9  
0 N/A 9 5 9  

2232 44 1 93 5 

0 N/A 7 1 6  
0 N/A 7 1 6  
0 N/A 71 6 
0 N/A 71 6 
0 N/A 7 0 5  

0 N/A 0 0 

0 N/A 5 7 6  
0 N/A 57 6 
0 N/A 57 6 
0 0 0  5 6 7  

0 0 0  5 6 7  

0 N/A 9 1 1  

0 N/A 0 0 

4 7 1  7 1 2  
0 N / A 7 3 2  

4 7 1  7 1 2  

SVM13ER 
[GWhI C F Avail 

0 N/A 8 8 0  
0 N/A 8 8 0  
0 N/A 9 5 9  
0 N/A 9 5 9  
0 N/A 9 5 9  
0 N/A 9 5 9  

1016 40 1 93 2 

0 N/A 95 5 
0 N/A 9 5 5  
0 N/A 9 5 5  
0 N/A 9 5 5  
0 N/A 94 0 

0 N/A 0 0 

0 N/A 9 6 0  
0 N/A 9 6 0  
0 N/A 9 6 0  
0 0 0  9 0 0  

0 0 0  9 0 0  

0 N/A 95 0 

0 N/A 0 0 

2 9 2  9 2 5  
0 N/A 9 5 0  

2 9 1  9 1 5  

FALL 
[GWhl C F Avail 

Total 
[GWhl C P Avail 

0 N/A 94 6 
0 N/A 94 6 
0 N/A 9 4 6  
0 N/A 94 6 
0 N/A 94 6 
0 N/A 94 6 

5859 38 7 88 4 

0 N/A 87 5 
0 N/A 87 5 
0 N/A 87 5 
0 N/A 87 5 
0 N/A 86 1 

0 N/A 0 0 

0 N/A 83 2 
0 N/A 83 2 
0 N/A 8 3 2  
0 0 0  7 8 9  

0 0 0  7 8 9  

0 N/A 93 7 

0 N/A 0 0 

RUSTAVI WTKVARI ERUP 0 0 
ABDLI EBUP 0 0 
m s o  ElmP 0 0 
GUBAZEULI CASC EGUP 0 0 
ZESTAPONI CASC WZCP 0 0 
TSKHENISTKALI C WTSP 0 0 

Hydro 1436 1730 

GARDABANI 4OOCC EGTP 0 0 
COEIB CYCLE 400 SGTP 0 0 
COMB CYCLE 400 WGTP 0 0 
GARDABANI 320CC EGOP 0 0 
OARDABAN1 llSTC EGSP 0 0 

Combined Cycle 0 0 

GARDABmI l5OGT EGGP 
GAS TURB 150 SGGP 
GAS TURE 150 WGGP 
BATUMI GTO SBCP 

Gas Turbine 

WIND FARM M S CWIP 

Renewable 

TBILISI CHP EX ETEE 
TBILISI CHP RH ETRP 

CHP steam cycle 18 18 

.11.1.....~.1-11--- ---1-1- 1...111 1-----1- -.--. 1-11. ........ ..... ---.1 1-----1- --I-- 11-11 I.....-- .--1- -.-.- ---.--I- 111.1 m.1-1 

Grand Total 2279 2573 3692 49 4 82 4 3817 37 4 85 8 1399 37 1 93 3 1611 42 8 95 0 9519 42 2 87 5 

RUSSIA GEORGIA 0 220 543 85 0 100 0 547 84 9 100 0 274 85 0 100 0 274 85 0 100 0 1638 85 0 100 0 
AZERBAIJAN GEORGIA 0 220 543 85 0 100 0 548 85 0 100 0 273 84 8 100 0 274 85 0 100 0 1638 85 0 100 0 

Total Purchases 0 440 1086 85 0 100 0 1095 85 0 100 0 547 84 9 100 0 548 85 0 100 0 3276 85 0 100 0 

GEORGIA TURKEY 0 200 493 84 9 100 0 498 85 0 100 0 249 85 0 100 0 249 85 0 100 0 1489 85 0 100 0 
GEORGIA TURKEY 0 200 493 84 9 100 0 498 85 0 100 0 249 85 0 100 0 249 85 0 100 0 1489 85 0 100 0 

Total Sales 0 400 986 84 9 100 0 996 85 0 100 0 498 85 0 100 0 498 85 0 100 0 2978 85 0 100 0 

~nter Region Trans 274 381 189 149 993 

.1...I----I-I--..1. 1-11-11 1---1-- -1111-1- -11.1 1.1.. 1.11111. ..... ----- 11-1-11. 111.1 1.111 .11---11 -1--. 1-11. ........ 1-11. -sl-- 

Total Supply for Demand 3518 2535 1260 1511 8824 
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Geore~a  Electnc~h Sector Least Cost De\eIopment Ptan 

G c o r g l a  B a a a  C a a e + h a n s f e r  of E n e r g y  9 / 2 7 / 9 8  
R e s o u r c e  P u r c h a s e s  and S a l e s  b y  S e a s o n  and P l a n t  

P 1 a n t  Nan8 

C o a l  

W C R D W  4 7 EGlP 
GAPDABAN1 5 6 EGlP 
W A B A N I  3 8  E38E 
WCRDAWNI 9 1 0  E91E 
W A B A N I  910R EG9P 

O i l / G a e  Steam 

EN-I limn 
K N m 1  fCgtUg 1 HElP 
mm1 - HElP 
VLRDNILI 1 KV3X 
VAPDNILI 1 REB N v l P  
VARDNILI 2 4 R W 2 P  
KXlJmNI 1 NKlP 
AIZHKSI SATE 
ATZWSI PSHAB W P  
GUMAT1 1 WGlE 
GUMAT1 1 RKHAB W W  
F m U T I  2 WGZE 
GUMAT1 2 PSHAB WGBP 
LAJANURI H U K  
W A N U R I  RglUB WLRP 
RIONI WRIE 
RIONI RKHAB HRRP 
SiiAORI WSW 
SEAOR1 PSHAB WSRP 
TKIBULI WI'BE 
TKIBVLI REHAB VPRP 
VARTSIICBE 1 4 WVAK 
VARTSIKHK 1 4R HVPS 
TVISRI rPVP 
mxumIvANI UNaP 
JOHETI WJOP 
JINVALI CJIE 
J I N V U I  RERAB CJRP 
KHRAKI 1 E S l E  
?mu,MI 1 RKIUB E W  
XHmxI 2 mar 
lCHRAlII 2 REHAB KKBP 
ORTA- EORE 
ORTAQiALA FXHA SOAP 
ZAHZSI EZAE 
ZAHKSI RXHAB P Z l P  
CAERI WICP 
JOIUVALI UIRP 
TMGXRI ?amp 
PMUVANI WPPP 
HIKWZE h?nO 
STORI 1 N S l P  
STDRI 1 NSlP 
DZERVA (PZP 
PONICXILW. EPOP 

C a p a c i t y  
R W  isp patch 1 

Y I m R  
:Gh%l C r A v a i l  

0 N/A 9 3  0 

0 N/A 0 0 

0 N/A 9 5  0 
0 N/A 9 4  5 
0 N/A 0 0 

1 6 3 8  9 4  0 9 4  0 
0 N/A 0 0 

1 6 3 8  9 4  0 9 4  0 

0 1 5  7 9 5  9 
1 5 6  2 0  7 7 3  8 
6 2 4  2 0  7 7 3  8 

7 0  5 6  7 5 6  7 
5 8  11 6 9 5  9 

0 N/A 9 5  9 
0 N/A 9 5 9  

1 4  4 0  0 4 0  0 
0 N/A 3 0  0 

3 8  3 9  5 4 1  4 
0 N/A 5 4  5 

1 4  3 6  3 4 3  6 
0 N/A 6 3  1 
0 3 3  8 57  5 

7 6  1 3  4 5 9  9 
6 4  4 5  0 5 9  9 

0 N/A 6 8  5 
4 2  37  5 3 7  5 

0 N/A 9 5 9  
5 4  2 3  1 4 4  3 

0 N/A 9 5 9  
1 9 5  4 7  9 4 8  0 

0 N/A 4 1 7  
0 N/A 9 5 9  
0 N/A 9 5  9 
0 N/A 9 5 9  
0 N/A 9 5  9 

1 4 0  3 7  1 5 1  6 
0 N/A 6 3  9 

1 4 6  4 4  5 9 5  9 
0 N/A 7 3  1 

1 7 0  5 3  1 9 5  9 
1 3  1 4  9 6 3  9 

0 N/A 4 2  6 
4 3  4 0  0 4 0  0 

0 N/A 3 1 7  
0 N/A 9 5 9  
0 N/A 9 5  9 
0 NfA 9 5  9 
0 N/A 9 5 9  
0 N/A 9 5  9 
0 H/A 9 5  9 
0 N/A 9 5  9 
0 N/A 9 5 9  
0 N/A 9 5 9  

SPRING 
[GWhl C F A v a i l  

0 N/A 6 9  8 

0 N/A 0 0 

0 N/A 7 3 2  
0 N/A 7 2 8  
0 N/A 0 0 
0 0 0  7 0 5  
0 N/A 0 0 

0 0 0  7 0 5  

0 3 5  3 9 2  0 
4 0 8  5 3  6 9 2  0 

1 6 3 2  5 3  6 9 2  0 
0 0 0  9 1 0  

8 1  3 1  1 9 2  0 
0 N/A 9 2  0 
0 N/A 8 8  0 

1 0  57  6 9 5  9 
0 N/A 9 5 9  

6 5  6 7  3 9 5  9 
0 N/A 9 5 9  

4 0  5 9  9 9 5  9 
0 N/A 9 5 9  
0 9 0  6 9 5  9 

2 0 4  6 2  1 9 5  9 
111 7 8  1 9 5  9 

0 N/A 9 5  9 
4 0  3 5  6 9 5  9 

0 N/A 9 5 9  
0 0 0  9 5 9  
0 N/A 9 5  9 

3 0 8  7 5  1 9 5  9 
0 N/A 9 5  9 
0 N/A 9 5 9  
0 N/A 9 5 9  
0 N/A 9 5 9  
0 N/A 9 5 9  

1 9 5  5 1  1 9 5  9 
0 N/A 9 2  0 

8 2  2 4  8 9 2  0 
0 N/A 9 5 9  

9 6  2 9  8 9 5  9 
1 8  3 4  2 9 5  9 

0 N/A 9 5 9  
6 9  6 3  7 9 5  9 

0 N/A 9 5 9  
0 N/A 9 5 9  
0 N/A 9 5  9 
0 N/A 9 5  9 
0 N/A 9 5  9 
0 H/A 9 5 9  
0 N/A 9 5 9  
0 NIA 9 5  9 
0 NIA 9 5  9 
0 N/A 9 5  9 

~ e g i o n  s y s t u  P a g e  2 3 0 9 / 3 0 / 9 8  
Y e a r  2 0 0 5  

A v a i l  

9 3  0 

0 0 

9 5  0 
9 4  5 

0 0 
9 4  0 

0 0 

9 4  0 

9 5  9 
9 5  9 
9 5  9 
9 5  9 
9 5  9 
9 5  9 
9 5  9 
9 5  9 
9 5  9 
8 8  0 
8 8  0 
8 8  a 
8 8  0 
8 8  0 
8 8  0 
8 8  0 
8 8  0 
8 8  0 
8 8  0 
8 8  0 
8 8  0 
8 8  0 
8 8  0 
9 5  9 
9 5  9 
9 5  9 
8 8  0 
8 8  0 
9 5  9 
9 5  9 
8 8  0 
8 8  0 
9 5  9 
9 5  9 
9 5  9 
9 5  9 
8 8  0 
8 8  0 
9 5  9 
8 8  0 
8 8  0 
9 5  9 
9 5  9 
8 8  0 
8 8  0 

FALL 
[GWh] C F A v a l l  IGWhl 

0 N/A 9 3 0  0 

0 N/A 0 0 0 

0 N/A 9 5 0  0 
0 N/A 9 4  5 0 
0 N/A 0 0 0 

5 7 1  6 5  1 9 4  0 1 1 0 9  
0 N/A 0 0 0 

5 7 1  6 5  1 9 4  0 2 2 0 9  

0 3 6  1 9 5  9 0 
8 8  1 3  1 9 5  9 8 5 6  

3 5 2  2 3  1 9 5  9 3 4 2 4  
3 7  5 8  8 9 5  9 1 4 7  
2 6  1 9  6 9 5  9 1 9 4  

0 N/A 9 5  9 0 
0 N/A 9 5  9 0 
6 3 4  2 9 5  9 4 4  
0 N/A 9 5 9  0 

1 5  5 2  2 9 5  9 1 5 2  
0 N/A 9 5  9 0 

1 6  4 7  9 9 5  9 9 5  
0 N/A 9 5 9  0 
0 6 1  5 9 5  9 0 

6 8  4 1  5 9 5  9 4 1 5  
3 5  4 8  8 9 5  9 2 4 8  

0 N/A 9 5  9 0 
1 6  4 6  3 9 5  9 1 1 4  

0 N/A 9 5 9  0 
2 2  1 8  1 9 5  9 9 0  

0 N/A 9 5 9  0 
9 1  4 4  4 9 5  9 6 7  8 

0 N/A 9 5 9  0 
0 N/A 8 8 0  0 
0 N/A 8 8 0  0 
0 N/A 8 8 0  0 
0 NIA 9 5 9  0 

7 5  3 9  4 9 5  9 5 0 0  
0 N/A 9 5 9  0 

5 4  3 2  6 9 5  9 3 1 7  
0 N/A 9 5 9  0 

6 3  3 9  1 9 5  9 3 7 0  
5 1 9  0 9 5  9 4 0 
0 N/A 9 5 9  0 

1 0  3 6  9 9 5  9 1 4 5  
0 N/A 9 5 9  0 
0 N/A 9 5 9  0 
0 N/A 9 5 9  0 
0 NIX 8 8  0 0 
0 N/A 9 5  9 0 
0 N/A 9 5 9  0 
o N/A 8 8 0  0 
0 N/A 88 0 0 
0 N/A 9 5 9  0 
0 N/A 9 5  9 0 

T o t a l  
C F A v a i l  

N/A 8 5  2 

N/A 0 0 

N/A 87  7 
N/A 87  2 
N/A 0 0 

4 2  0 8 6  1 
N/A 0 0 

4 1  0 8 6  1 

3 3  6 9 4  6 
3 7  6 8 7  2 
3 7  6 87  1 
3 9  7 8 1  6 
1 4  9 9 1  6 

N/A 9 4  6 
N/A 9 3  3 

4 1  8 7 7  4 
N/A 7 4  0 

5 2  7 7 6  5 
N/A 8 0  9 

4 7  6 7 7  1 
N/A 8 3  7 

6 3  0 8 1  9 
4 3  3 8 1  7 
57  8 8 2  7 
N/A 8 5  5 

3 6  8 7 5  2 
N/A 9 4  6 

1 2  8 7 7  5 
N/A 9 4  6 

5 5  3 7 8  7 
N/A 7 6  6 
N/A 9 4  6 
N/A 9 4  6 
N/A 9 4  6 
N/A 9 4  6 

4 3  9 7 9  9 
H/A 8 4  0 

3 2  0 9 4  6 
N/A 8 7  0 

3 8  4 9 4  6 
1 5  4 8 5  3 

N/A 7 8  2 
4 4  7 7 7  4 

N/A 7 4  9 
N/A 94 6 
N/A 9 4  6 
N/A 9 4  6 
N/A 9 4  6 
N/A 9 4  6 
N/A 9 4  6 
N/A 9 4  6 
N/A 9 4  6 
N/A 9 4  6 
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Georgra Electrrcrty Sector Least Cost Development Plan 

Georgia Base Case+Transfer of Energy 9/27/98 
Resource Purchases and Sales by Season and Plant 

Capacity 
Plant Nams R lb Dispatch 

RUSTAVI MTKVARI ERUP 0 0  
ABULI BBUP 0 0 
m s o  E r n  0 0  
OWAZEULI CASC EGDP 0 0  
ZESTAPONI CASC WZCP 0 0  
TSKHENISTKALI C WTSP 0 0  

Hydro 1706 2327 

GARDABANI 4OOCC EGTP 0 0  
COMB CYCLE 400  SGTP 0 0  
COW CYCLE 4 0 0  WGTP 0 0  
GARDABANI 32OCC EGOP 162 162 
GARDABAN1 llSTC EGSP 0 0  

Combined Cycle 162 162 

GARDABANI 150GT EGGP 0 0  
GAS TrmB 150  SGGP 0 0  
GASTrmB150 WGGP 0 0  
BATm61 GTU SBCP 45 45 

WINTER 
[GWhl C P Avail 

0 N/A 9 5 9  
0  N/A 9 5 9  
0  N/A 9 5 9  
0  N/A 9 5 9  
0  N/A 9 5 9  
0  N/A 9 5 9  

1927 28 5  69 5  

0  N/A 9 5 5  
0  N/A 9 5 5  
0  N/A 9 5  5  

448 95 5  95 5  
0  N/A 94 0  

448 95 5  95 5  

0  N/A 96 0  
0  N/A 96 0  
0  N/A 9 6 0  

118  90 0  90 0  

SPRING 
[GWhl C P Avail 

0 N/A 9 5 9  
0  N/A 95 9  
0  N/A 9 5 9  
0  N/A 95 9  
0  N/A 95 9  
0 N/A 9 5 9  

3370 4 9  5  93 3  

0  N/A 7 1 6  
0  N/A 7 1 6  
0  N/A 7 1 6  
0  0 0  7 1 6  
0  N / A 7 0 5  

0 0 0  7 1 6  

0  N/A 57 6  
0  N/A 57 6  
0  N/A 57 6  
0  0 0  5 6 7  

Region: System Pagat 2 4  09/30/98 
Year 2005 

SmdldER 
[OWhl C P Avail 

PALL 
[OWhl C P Avail 

0 N/A 9 5 9  
0  N/A 9 5 9  
0  N/A 8 8 0  
0  N/A 88 0  
0  N/A 88 0  
0  N/A 8 8 0  

1008  2 9  6  95 9  

0  N/A 9 5 5  
0  N/A 95 5  
0  N/A 9 5  5  

226 95 5  95 5  
0  N/A 9 4 0  

226 95 5  95 5  

0  N/A 96 0  
0  N/A 96 0  
0  N/A 96 0  
0  0 0  9 0 0  

Total 
[DWhl C P Avail 

Gas Turbine 45 45 118  90 0  90 0  0  0 0  5 6 7  0  0 0  9 0 0  0  0 0  9 0 0  1 1 8  29 8  7 8  9  

WIND P A W  M S ClVIP 0 0  0  N/A 9 5 0  0  N/A 9 1 1  0  N/A 9 5 0  0  N/A 9 5 0  0  N/A 9 3 7  

Renewable 0 0  0  N/A 0 0  0  N/A 0 0  0  N/A 0 0  0  N/A 0 0  0  N/A 0 0  

TBILISI CHP EX STEE 0 18 4 4  84 8  84 8  0  0 0  7 1 2  0  0 0  9 2 5  0  0 0  8 4 8  4 4  28 1 8 1  6  
TBILISICHPIU ETRP 0 0  0  N/A 8 5 9  0 N/A 7 3 2  0  N/A 9 5 0  0  N/A 85 9  0  N/A 83 1 

- - 
CHP Steam Cycle 0 18 44 84 8  84 8  0  0 0  7 1 2  0  0 0  9 2 5  0  0 0  8 4 8  4 4  2 8  I 8 1  6  

1.........---11-1-. -1-11- 11 .I ........ .I... 1-11. 111.1111 .I--- ---1. --.11--- --1-- 1-11- 1111.11. .11.1 111.1 I.. II.1. -11.1 I-.-- 

Grand Total 2513 3151 4175 4 5  6  7 5  9  3370 36  5  87 1  1665  3 6  1 93  6  1806  39  1 95 4  11016  3 9  9  85 9  

RUSSIA GEORGIA 0 220 543 85 0  1 0 0  0  547 84 9  1 0 0  0  174  8 5  0  1 0 0  0  274  85 0  1 0 0  0  1638  85 0  1 0 0  0  
AZERBAIJAN GEORGIA 0 220 543 85 0  100  0  547 84 9  100  0  274  85 0  1 0 0  0  274  85 0  1 0 0  0  1638  85 0  1 0 0  0  

Total Purchases 0 440 1086 85 0  100  1  1094  84 9  100  2  548 85 0  1 0 0  2  548 85 0  1 0 0  2 3276  85 0  1 0 0  2  

GEORGIA TURKEY 0 200 493 84 9  1 0 0  0  4 9 8  85 0  1 0 0  0  249 85 0  1 0 0  0  249  85 0  1 0 0  0  1 4 8 9  8 5  0  1 0 0  0  
GEORGIA TURKEY 0 200 493 84 9  1 0 0  0  4 9 8  85 0  100  0  1 4 9  85 0  1 0 0  0  1 4 9  85 0  1 0 0  0  1489  8 5  0  1 0 0  0  

Total Sales 0 400 986 84 9  100  3  996 85 0  100  3  498  85 0  1 0 0  3  498  85 0  1 0 0  3  2978  85 0  1 0 0  3  

Inter Region Trans 289 590  285 1 4 2  1306  

.1.11--1--11..-.... 1.1 1 . 1 .....I-- 11-11 ----1 -.-1--1. ----. 1-11. ......I* 1-11. 1-11. ......I- 11--1 -I--- ---.---- ----- ----- 
Total Supply for Damand 3986 2879 1430 1714  10008  
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Georg~a Electncit, Sector Least Cost Detelopment Plan 

Georgia Base CaserTransfar of Xnergy 9/27/98 
Resource Purchasaa and Sales by Season and Plant 

Capacity W I m R  
Plant Nama R X Dispatch tcnhl C P Avail 

Coal 0 0 0 N/A 0 0 

KNGURI 
K N m 1  PxEm 1 
ENGTIRI RBB*8 
VARDNILI 1 
VARDNILI 1 RKH 
VARDNILI 1 4 R 
m 0 N I  1 
ATZAESI 
ATZAESI RBB*8 
GUMTI 1 
-TI 1 PxEm 
GUMAT1 2 
-TI 1 REHAB 
L.LJ-I 
LAJANORI REHAB 
RIONI 
RIONI REHAB 
SNAORI 
SHAORI RBB*8 
TKIBm.1 
TKIBm.1 PxEm 
VARTSIKHK 1 4 
V A R T S I m  1 4R 
nIsx1 
NaNmRvANI 
JONKTI 
JINVALI 
JINVALI REHAB 
K m m 4 1 1  
FXFSMI 1 RKHAB 
K-mANI 1 
-1 2 REHAB 
ORTACKALA 
O R T A U  RKH& 
ZAHKSI 
WiESI PxEm 
Q(BR1 
JORXVALI 
TSAGKRI 
PAPAVAN1 
PINADZE 
S M R I  1 
SKIRI 2 
DZERVA 
P0NICIuI.A 

HENE 
NKlP 
NBlP 
NVAK 
M P  
NV2P 
NKlP 
SATE 
S U P  
wD1K 
WGAP 
WGZE 
WOBP 
WLAK 
WLRP 
WRIE 
WRRP 
WSAE 
WSRP 
m E  
WrRP 
W V M  
WPRP 
m 
WlUP 
WJOP 
CJIE 
CJRP 
EKlE 
K W  
KKPE 
XKBP 
KORE 
EOAP 
EZAK 
EZlP 
WICP 
UIRP 
m 
WPPP 
huxp 
NSlP 
NS2P 
CDZP 
ZPOP 

Region: Systaa Pager 1 5 09/30/98 
Year 2010 

SPRING .Wm!XR T L L  Total 
tcnhl C r Avail I W l  C ? Avail IGWhl C ? Avail tGHhl C P Avail 
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Georg~a Electr~c~ty Sector Least Cost Development Plan 

Georgia Base CasetTranSfer of Energy 9/27/98 
Resource Purchases and Sales by Season and Plant 

Rsgionr System Paget 2 6 09/30/98 
Year* 2010 

Capacity WINTER SPRING SLIMMER PALL Total 
Plant Name R M Dispatch [GWhl C P Avail IGWhl C P Avail [GWhl C P Avail [GWhl C F Avail [GWh] C F Avail 

RWTAVI IPTRIARI ERUP 
ABULI EBUP 
HUTSO EKUP 
GUBAZEULI CASC EGUP 
ZESTAPONI CASC WZCP 
TSKHBNISTNLLI C WTSP 

Hydro 

GARDABANI 4OOCC EGTP 
COMB CYCLE 400 SGTP 
COMB CYCLE 400 WGTP 
GARDABANI 320CC EGOP 
GARDABANI llSTC EGSP 

Combined Cycle 

GARDABANI 15OGT EGGP 
GAS TCiRB 150 SGGP 
GAS Tm(B 150 WGGP 
BATmdI GTU SBCP 

Gas Turbine 

WIND PARN M S CWIP 

Renewable 

TBILISI CAP EX ETEE 
TBILISI M P  RH ETRP 

CHP steam cycle 

N/A 95 9 
N/A 95 9 
NIA 95 9 
N/A 95 9 
N/A 95 9 
N/A 95 9 

52 7 93 3 

52 9 71 6 
N/A 71 6 
N/A 71 6 
0 0  7 1 6  
N/A 70 5 

18 3 71 6 

N/A 57 6 
N/A 57 6 
N/A 57 6 
0 0  5 6 7  

0 0  5 6 7  

N/A 91 1 

N/A 0 0 

0 0  7 1 3  
N/A 73 2 

0 0  7 1 2  

N/A 88 0 0 
N/A 88 0 0 
NIA 95 9 0 
N/A 95 9 0 
N/A 95 9 0 
N/A 95 9 0 

45 1 93 2 1110 

95 5 95 5 237 
N/A 95 5 0 
N/A 95 5 0 
27 0 95 5 447 
N/A 94 0 0 

50 7 95 5 684 

N/A 96 0 0 
N/A 96 0 0 
N/A 96 0 0 
0 0  9 0 0  0 

0 0  9 0 0  0 

N/A 95 0 0 

N/A 0 0 0 

O D  9 2 5  0 
N/A 95 0 0 

0 0  9 2 5  0 

............-....-. -11.1.. -...... 1-.--1-- -11.1 1.11. 11.1.-- 1 ----- 11-11 ........ -1-1- -.-11 ........ 1-1-1 ----- --..... 1 ..... 1-11- 

Grand Total 3013 3626 5104 48 5 79 7 4075 38 4 86 0 1995 37 6 93 6 2218 41 8 95 4 13392 42 2 86 8 

RUSSIA GEORGIA 0 220 543 85 0 100 0 547 84 9 100 0 174 85 0 100 0 274 85 0 100 0 1638 85 0 100 0 
AZERBAIJAN GEORGIA 0 220 543 85 0 100 0 547 84 9 100 0 274 85 0 100 0 274 85 0 100 0 1638 85 0 100 0 

Total Purchases 0 440 1086 85 0 100 2 1094 84 9 100 2 548 85 0 100 2 548 85 0 100 2 3276 85 0 100 2 

GEORGIA TURKEY 0 100 493 84 9 100 0 498 85 0 100 0 249 85 0 100 0 249 85 0 100 0 1489 85 0 100 0 
GEORGIA TURKEY 0 200 493 84 9 100 0 498 85 0 100 0 249 85 0 100 0 249 85 0 100 0 1489 85 0 100 0 

Total Sales 0 400 986 84 9 100 3 996 85 0 100 3 498 85 0 100 3 498 85 0 100 3 2978 85 0 100 3 

Inter Region Trans 290 617 277 151 1335 

1......-11--1---..1 1..1... .1----- I-...... 11.11 --.I. -- 1--... 1.1.. 11.11 11-.111. 11-11 1...1 1.1----- ---1. 1-11. ... 1-11. 1--11 --111 
Total Supply for Demand 4914 3556 1768 2117 12355 
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Georg~a Electrlc~ty Sector Least Cost Development Plan 

Georgia Base Case+Transier of Energy 9/27/98 
Resource Purchases and Sales by Season and Plant 

Region: System Page 2 8 09/30/98 
Year 2015 

Capacity 
Plant Name R M Diepatch 

WINTER 
[GWhl C P Avail 

SPRING 
[GWhl C F Avail 

0 N/A 95 9 
0 N/A 95 9 
0 N/A 9 5 9  
0 N/A 9 5 9  
0 N/A 95 9 
0 N/A 9 5 9  

3813 52 7 93 3 

673 59 6 71 6 
0 N/A 7 1 6  
0 N/A 7 1 6  
0 0 0  7 1 6  
0 N/A 7 0 5  

SUMMER 
[GWhl C P Avail 

PALL 
[GWhl C P Avail 

Total 
[GWhl C F Avail 

RUSTAVI HTKVARI ERUP 
ABULI EBUP 
W[ITSO EMUP 
GWAZEULI CASC EGUP 
ZESTAPONI CASC WZCP 
TSIUfENISTFALI C WTSP 

Hydro 

ORRDABANI 4OOCC EGTP 
COMB CYCLE 400 SGTP 
COMB CYCLE 400 WGTP 
GARDABAN1 320CC EGOP 
GARDABAN1 llSTC EGSP 

Combined Cycle 

GARLlABANI 150GT EGGP 
GAS TURB 150 SGGP 
GAS TURB 150 WGGP 
BATmdI GTU SBCP 

Gas Turbine 

WIND FARM M S CWIP 

Renewable 

TBILISI M P  EX PTEE 
TBILISI CHP RH ETRP 

CHP Steam Cycle 

l.--lll........ 1.1 11-11- I. I 11111.11 ---11 1-11. 1-11.... 11.11 1-1.- 1-1-11.. 1.111 1-11. .---11-. 1111. 111.1 .-I---.- -1111 11-11 

Grand Total 3185 3797 5705 51 7 80 5 4486 40 4 85 6 2200 39 6 93 9 2473 44 5 95 5 14865 44 7 86 9 

RUSSIA GEORGIA 0 220 543 85 0 100 0 547 84 9 100 0 274 85 0 100 0 274 85 0 100 0 1638 85 0 100 0 
AZERBAIJAN GEORGIA 0 220 543 85 0 100 0 547 84 9 100 0 274 85 0 100 0 274 85 0 100 0 1638 85 0 100 0 

Total Purchases 0 440 1086 85 0 100 2 1094 84 9 100 2 548 85 0 100 2 548 85 0 100 2 3276 85 0 100 2 

GEORGIA TURKEY 0 200 493 84 9 100 0 498 85 0 100 0 249 85 0 100 0 249 85 0 100 0 1489 85 0 100 0 
GEORGIA TURXBY 0 200 493 84 9 100 0 498 85 0 100 0 749 85 0 100 0 249 85 0 100 0 1489 85 0 100 0 

Total Sales 0 400 987 84 9 100 3 996 85 0 100 3 498 85 0 100 3 498 85 0 100 3 2978 85 0 100 3 

Inter Region Trans 294 596 267 148 1306 

-.........11------- .. ... . --111111 1-11. 1-11. 11-11-11 -1-11 11-11 .... 1.11 111.- ----- 1-1-1111 11.11 1---1 1-1-111- 11.11 11-11 

Total Supply for Damand 5510 3989 1983 2375 13857 
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Georg~a Electrlc~ty Sector Least Cost Development Plan 

Georgia Base Case+Transfer of Energy 9/27/98 
Resource Purchases and Sales by Season and plant 

capacity 
Plant Name R M Dispatch 

RUSTAVI KTKVARI ERUP 0 0 
ABULI E B W  0 0 
MUTSO EMUP 0 0 
GDBAZEULI CASC EGUP 0 0 
ZESTAPONI CASC WZCP 0 0 
TSKHENISTKRLI C WTSP 0 0 

Hydro 

GARDABANI 4OOCC EGTP 
COMB CYCLE 400 SGTP 
COMB CYCLE 400 WGTP 
GARDABANI 32OCC EGOP 
DARDABANI llSTC EGSP 

Combined Cycle 

GAPDABAN1 150GT EGGP 
GAS TURB 150 SGGP 
GAS TURB 150 WGGP 
BATON1 GTV SBCP 

WINTER 
IGWhl C F Avail 

0 N/A 95 9 
0 N/A 9 5 9  
0 N/A 9 5 9  
0 N/A 9 5 9  
0 N/A 95 9 
0 N/A 9 5 9  

2318 28 1 75 8 

2265 95 5 95 5 
0 N/A 95 5 
0 N/A 9 5 5  

887 95 5 95 5 
0 N/A 94 0 

3153 95 5 95 5 

0 N/A 9 6 0  
0 N/A 96 0 
0 N/A 96 0 
0 N/A 9 0 0  

SPRING 
[GWhl C P Avail 

Region System Page 2 10 09/30/98 
Year1 2020 

S m R  
[GWhl C P Avail 

PALL 
tGWhl C P Avail 

0 N/A 9 5 9  
0 N/A 9 5 9  
0 N/A 8 8 0  
0 N/A 8 8 0  
0 N/A 8 8 0  
0 N/A 8 8 0  

1270 30 6 95 9 

1142 95 5 95 5 
0 N/A 95 5 
0 N/A 9 5 5  

447 95 5 95 5 
0 N/A 9 4 0  

1589 95 5 95 5 

0 N/A 9 6 0  
0 N/A 9 6 0  
0 N/A 9 6 0  
0 N/A 9 0 0  

Total 
[Gh'hl C P Avail 

Gas Turbine 0 0 0 N/A 0 0 0 N/A 0 0 0 N/A 0 0 0 N/A 0 0 0 N/A 0 0 

WIND FXQX P S CWIP 0 0 0 N/A 9 5 0  0 N/A 9 1 1  0 N/A 9 5 0  0 N/A 9 5 0  0 N/A 9 3 7  

Renewable 0 0 0 N/A 0 0 0 N/A 0 0 0 N/A 0 0 0 N/A 0 0 0 N/A 0 0 

TBILISI CHP EX ETBE 0 18 44 84 8 84 8 0 0 0  7 1 2  0 0 0  9 2 5  19 72 4 84 8 63 40 2 81 6 
TBILISI CHP RH ETRP 0 0 0 N/A 8 5 9  0 N/A 73 2 0 N/A 95 0 0 N/A 85 9 0 N/A 8 3 1  

CHP Steam Cycle 0 18 44 84 8 84 8 0 0 0  7 1 2  0 0 0  9 2 5  19 72 4 84 8 63 40 2 81 6 

....~~~~--~1111.... 11. 1..1 11.1--- 111-1-1 11-11 1.11- .------- 1--1- 1.1.. 11.. 11.. ---I. ---.- ....I I.. 1-11. ... 1- 1-.1111. .-11- --.-I 

Grand Total 3978 4590 7101 53 3 83 1 5555 41 3 84 5 2737 40 7 94 2 3074 45 8 95 5 18467 45 9 87 5 

RUSSIA GEORGIA 0 220 543 85 0 100 0 548 85 0 100 0 273 84 8 100 0 274 85 0 100 0 1638 85 0 100 0 
AZERBAIJAN GEORGIA 0 220 543 85 0 100 0 547 84 9 100 0 274 85 0 100 0 274 85 0 100 0 1638 85 0 100 0 

Total Purchases 0 440 1086 85 0 100 2 1095 85 0 100 2 547 84 9 100 2 548 85 0 100 2 3276 85 0 100 2 

GEORGIA TURKEY 0 100 493 84 9 100 0 498 85 0 100 0 249 85 0 100 0 249 85 0 100 0 1489 85 0 100 0 
GEORGIA TURKEY 0 200 494 85 0 100 0 249 85 0 100 0 249 84 9 100 0 1489 85 0 100 0 498 85 0 100 0 

Total Sales 0 400 987 84 9 100 3 996 85 0 100 3 498 85 0 100 3 498 85 0 100 3 2978 85 0 100 3 

Inter Region Trans 3 14 669 310 161 1454 

-m---11--11........ 111-1.- 1---1.1 1.11.1.1 11-11 --.-- .--.--.1 111.1 1.--1 ------11 -1.1. ... 11 ...11--- ..--1 111-1 11.-..-. 11-11 1.1.. 

Total Supply for Demand 6886 4985 2476 2963 17311 
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Georg~a Electnc~o Sector Least Cost Delelopment Plan 

Georgia Base Case+TYansfar of Lnargy 9/17/98 
Total Annual Costs 

Region Systrm Paga 5 3 09/30/98 
Year 2005 

unit Nama 

TKIBULI m A L  h-i-CP 

Coal 

Oil/Gas Steam 

m G m 1  
KNGURI RKuAB 1 
KNGURI RERAB 
VARDNILI 1 
VARDNILI 1 RKB 
VARDnILI 1 4 R 
m o m  1 
ATZAESI 
ATZAESI RERAB 
GUnATI 1 
-TI 1 RHULB 
-TI 2  
-TI 1 RmmE 
LhJ-I 
LAJAnvRI REHAB 
RIONI 
RIOnI RXHAE 
SHAORI 
SHAORI RmmE 
TKIBVLI 
TKIBULI REHAB 
VARTSIQIE 1 4 
VARTSIIMB 1 4R 
TVISHI 
W A N 1  
JONKTI 
JInvALI 
JInvALI Ram 
ZXRMI 1 
KNRAXI 1 REfUg 
XHRmI 2  
KirP2xI 2 mE3E 
ORTACSNA 
ORTA- RHU 
WIgSI 
WIgSI RXHAE 
m X R I  
JORKVALI 
TSAGKRI 
P 1 R L V M  
HILUDZX 
STOR1 1 
STORI 1 

HENE 
nKlP 
NKlP 
WAX 
nvlP 
NvlP 
NXlP 
MTX 
SAlP 
WGlE 
YGAP 
WGlK 
WGBP 
WLM 
WLRP 
m 1 3  
WRRP 
wsm 
WSRP 
KPBX 
nTRP 
WAX 
WVRP 
m 
WHbP 
WJOP 
CJIE 
CJRP 
KKlE 
E K w  
3K2X 
E W P  
BORE 
KOAP 
E Z M  
XZlP 
WICP 
WIRP 
WTTP 
WPPP 
IRdW 
NS1P 
NS2P 

Capacity 
1-1 

Variable Costs (nus$-0 001USS) rixed Costs Total Costs 

C ? Pus1 VOH Total Capital ?OX Total Total 
121 nUSS/kVh rDSS/kYh W S S  ?SlSS/kYh US$/kW/a uS$/kW/a WDS$ YDSS nUSS/kWh 

N/A 0  0 0  0  0 0  0  0 0  0  0 0  0  0 0  0  0 0  0  0 0  0  0 0  0  0 0  

N/A 0  0 0  0  0 0  0  0 0  0  0 0  0  0 0  0  0 0  0  0 0  0  0 0  0  0 0  
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Ceorg~a  Electnc~t, Sector Least Cost Debelopment Plan 

Georgia B a s e  C a s e + ' P r a n s f e r  o f  mergy 9 / 2 7 / 9 8  
T o t a l  Annual costs 

R e g i o n  S y s t c n  P a g e  5 5 0 9 / 3 0 / 9 8  
Y e a r  2 0 1 0  

V a r i a b l e  C o s t s  (nUS$-0 0 0 l U S S 1  T i r e d  C o s t s  T o t a l  c o s t s  

U n i t  N- 
C a p a c i t y  

[mrl 
C P h e 1  VO1( T o t a l  C a p i t a l  TOM T o t a l  T o t a l  
[%I m U S S / k h  nUS$/kwh zmS$ mUSS/kwh US$/kw/a  USS/kW/a XUSS MUSS Q s $ / k u h  

C o a l  

GARDABANI 4 7 E G l P  
GWLIABANI 5 6 EG2P 
GARUABANI 3 8  E 3 8 E  
GARDABNiI 9 1 0  E 9 1 E  
GARUABANI 91OR EG9P 

O i l l G a s  stem 

EHGrmI Nxm 
E N m 1  RKIUB 1 N E l P  
ENGWRI REHAB N E l P  
VARDNILI 1 N V M  
VARDNILI 1 REH M P  
V ~ N I L I  2 4 R NVZP 
KKUDONI 1 NKlP  
ATZAESI SATL 
ATZHIISI REaPg S U P  
CimUTI  1 WGlX 
G U N A T 1 1  REHAB WGAP 
CimUTI  2 WG2E 
F U M T I  2 REHAB YGBP 
w-I WLM 
w-I RELULB WLRP 
RIONI mrr 
RIONI  REKAB WRRP 
S M O R I  WSBX 
SfUORI  REHAB WSRP 
TKIBULI WTBL 
TKIBVLI RgaAB UTW 
VARTSIIME 1 4 W V U  
VARTSIlCHE 1 4R WPaP 
T V I S H I  W r W  
KwmKKvIWI UNAP 
JONETI WJOP 
JINVALI C J I ~  
J INVALI  REHAB CJRP 
-1 1 E X l E  
KKRmfI 1 RIIHAB E m P  
-1 2 EX2E 
XHRMII 2 REHAB EKBP 
ORTACEMA EORB 
ORTACR*tJI REIU EOAP 
ZAKESI E Z M  
ZAKRSI RKIUB E Z l P  
CHSRI WICP 
JORXVALI WXRP 
TSAGERI WITP 
PAPAVANI WPPP 
WINADZE HUMP 
STOR1 1 N S l P  
STORI 2 NS2P 
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* 
Georg~a Electric~ty Sector Least Cost Development Plan 

Georgia 8.88 CaSe+TranSfer Of Energy 9/27/98 
Total Annual Costs 

Region System Pager 5 6 09/30/98 
Year: 2010 

Capacity 
Unit Name IMW) 

DZERVA CDZP 
PONICHALA EPOP 
RUSTAVI MTKVARI ERUP 
ABULI EBUP 
MUTSO m 
GUBAZBULI CASC BGUP 
ZESTAPONI CASC WZCP 
TSKXRNISTKALI C WTSP 

Hydro 2473 

GARDABANI 400CC EGTP 169 
COMB CXCLE 400 SGTP 0 
COMB CYCLE 400 WGTP 0 
GARDABANI 320CC EGOP 320 
GRRDABANI llSTC EGSP 0 

Combined Cycls 489 

GARDABANI 150GT BGGP 
GAS TVRB 150 SGGP 
GASTrmB150 WGGP 
BATUMI GlV SBCP 

Gas Turbine 

WIND FARM M S CYfIP 

Renewable 

TBILISI CHP EX ETEE 
TBILISI CHP RH ETRP 

CHP Steam Cycle 

Gener 
IGWbl 

0 
0 
0 
0 
0 
0 
0 
0 

8620 

1205 
0 
0 

1462 
0 

2666 

Variable Costs (mUS$-0 001US$) Fixed Costs 

C P Fuel VOM Total Capital FOM Total 
I%] mUS$/kWh mUS$/kWh MUSS mUS$/kWh US$/kW/a US$/kW/a MUSS 

N/A 0 00 0 00 0 00 0 00 0 00 0 00 0 00 
N/A o 00 o 00 o 00 o 00 o 00 o 00 o 00 
N/A 0 00 0 00 0 00 0 00 0 00 0 00 0 00 
N/A 0 00 0 00 0 00 0 00 0 00 0 00 0 00 
N/A o 00 o 00 o 00 o 00 o 00 o 00 o 00 
NIA 0 00 0 00 0 00 0 00 0 00 0 00 0 00 
N/A 0 00 0 00 0 00 0 00 0 00 0 00 0 00 
N/A 0 00 0 00 0 00 0 00 0 00 0 00 0 00 

39 8 0 00 0 41 3 57 0 41 17 75 3 79 53 27 

81 3 16 55 0 69 20 77 17 24 52 84 6 13 9 98 
N/A o 00 o 00 o 00 o 00 o 00 o 00 o 00 
N/A 0 00 0 00 0 00 0 00 0 00 0 00 0 00 
52 1 17 21 0 86 26 41 18 07 49 97 6 16 17 96 
N/A o 00 o 00 o 00 o 00 o 00 o 00 o 00 

62 2 16 91 0 78 47 17 17 69 50 96 6 15 27 94 

Total Costs 

Total 
MUSS mUS$/kWh 

0 00 0 00 
0 00 0 00 
0 00 0 00 
0 00 0 00 
0 00 0 00 
0 00 0 00 
0 00 0 00 
0 00 0 00 

56 85 6 59 

30 75 25 52 
0 00 0 00 
0 00 0 00 

44 37 30 36 
0 00 0 00 

7 5 1 1  1 8 1 7  

Total 3626 13392 42 2 7 59 0 51 108 48 8 10 19 65 4 23 86 56 195 05 14 56 
( ) Ind Boiler and Boiler House unitary costs per [Kcall not included in the total averages of unitary costs 
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Ceorg~a Electrlclty Sector Least Cost Development Plan 

Georgia Base Case+Transfer of Energy 9/27/98 
Total Annual Costs 

Region System Paget 5 8 09/30/98 
Year: 2015 

Variable Costs (nus$-0 001US$) Fixed Costs Total Costs 

Capacity 
Unit Name [law1 

Gener 
tm1 

C P Fuel VOx 
[%I nUS$/kwh nUS$/kwh 

Total Capital FOX 
XUS$ nus$/kwh US$/kW/a US$/kW/a 

Total 
WJSS 

Total 
WJS$ mUS$/kWh 

DZERVA CDZP 
PONICHALA EPOP 
RUSTAVI -ARI ERVP 
ABULI EBUP 
I6[PPSO EWJP 
GUBAZEULI CASC EGUP 
ZESTAPONI CASC WZCP 
TSXHENISTXALI C WTSP 

Hydro 2473 8620 39 8 0 00 0 41 3 57 0 41 17 75 3 79 53 27 56 85 6 59 

GARDABANI 4OOCC EGTP 386 2820 83 5 17 58 0 69 51 54 18 27 52 84 6 13 22 75 74 29 26 34 
Corn CYCLE 400 SGTP 0 0 N/A 0 00 0 00 0 00 0 00 0 00 0 00 0 00 0 00 0 00 
COMB CYCLE 400 WGTP 0 0 N/A 0 00 0 00 0 00 0 00 0 00 0 00 0 00 0 00 0 00 
GARDABAN1 320CC EGOP 320 1365 48 7 18 29 0 86 26 14 19 15 49 97 6 16 17 96 44 10 32 30 
DARDABANI llSTC EGSP 0 0 N/A 0 00 0 00 0 00 0 00 0 00 0 00 0 00 0 00 0 00 

Combined Cycle 7 

GARDABANI 150GT EGGP 
GAS TWRB 150 SGGP 
GAS Trma 150 WGGP 
BATUXI GTtl SBCP 

Gas Turbine 

WIND PARX X S CWIP 

Renewabla 

TBILISI CHP EX ETEE 
TBILISI M P  RH ETRP 

CHP Steam Cycle 

Total 3797 14865 44 7 8 96 0 53 141 17 9 50 21 77 4 20 98 64 239 81 16 13 
(*) Ind Boiler and Boiler House unitary costs per [Xcall not included in the total averages of unitary costs 
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Georgra Electncrh Sector Least Cost Debelopment Plan 

G o o r g i n  B a s 0  C a s o + h a x s f o r  o f  B 
C a p a c i t y  Sur;ary R e p o r t  

m i s t i n g  C a p a c i t y  tHW1 
u n i t  

GAPDAENiT 4OOCC E m  
COJfB CYCLE 4 0 0  SGTP 
MKB CICLE 4 0 0  h F T P  
GAPDAB- 320CC EGOP 
GARDABANI 15OGT EGGP 
GAS TmB 1 5 0  SGGP 
G h S l T R B 1 5 0  WGGP 
GARDABANI 4 7 E G l P  
GAPDAENiT 5 6 EG2P 
GAPDABANI 3 8  E38X 
WIRDABANX 9 1 0  E9111 
GRRDAEWI 9 1 0 R  EG9P 
GARDABANI l l S T C  BGSP 
TXIBULI MAL W C P  
T B I L I S I  CKP EX ETKE 
T B I L I S I  CKP RH ETRP 
BATIRII GTJ SBCP 
KNGURI NgWE 

KHGrmI RgRAB 1 NKlP 
mm1 RKHAB KKlP 
VARDNILI 1 NVM 
VARDNILI 1 Rm NVlP 
VARDNILI 2 4 R NV2P 
KmDONI 1 NKlP 
ATLNKSI SATX 
ATZNKSI RmmB S A l P  
GUMATI 1 WGlE 
GUMAT1 1 REIULB WGAP 
GmMTI 1 WG2E 
GUMATI 2 FSK?!E WGBP 
L A J r n I  - 
L A J r n I  REIULB WLRP 
RIONI WRIX 
RIONI RKPAB WRRP 
SHAORI WS AE 
SHAORI REHbB WSPJ 
TKIBULI UrBB 
TXIBULI FmIAB WTRP 
VARTSIKRK 1 4 WPM 
VmTSIXBE 1 4R WVRP 
TVISHI m 
NAnAmvm WHAP 
JONKTI WJOP 
JINVALI C J I E  
JIHVALI FmIAB CJRP 
XRIUldI 1 EKlE 
mF.wI 1 RKPAB B M P  
XRIUldI 2 m 2 1 1  
KEPAM 2 REIULB EXaP 
ORTA- E0P.K 
ORTA- RKIU EOAP 
2 1 8 8 5 1  E ZAK 
ZARESI REIULB EZ1P 
CEKRI NICP 
JORXVALI W I P J  
TSAGXRI V r P P  
PAImVANI h T P P  

n o t  i n c  
2 0 1 0  

0 
0 
0 

1 6 2  
0 
0 
0 
0 
0 
0 

6 0 0  
0 
0 
0 

1 8  
0 

4 5 
0 

2 6 0  
1 0 4 0  

4 2  
8 9  

0 
0 

1 2  
0 

3 3 
0 

2 3 
0 
0 

1 1 2  
4 9 

0 
3 8 

0 
8 0 

0 
1 4  0 

0 
0 
0 
0 
0 

1 3 0  
0 

1 1 3  
0 

l u d o d  i n  
2 0 1 5  

1 6 9  
0 
0 

3 2 0  
0 
0 
0 
0 
0 
0 

6 0 0  
0 
0 
0 

1 8  
0 

4 5 
0 

2 6 0  
1 0 4 0  

0 
2 1 6  

0 
0 
0 

1 2  
0 

R e g i o n  S y s t m  P a g e  6 1 0 9 / 3 0 / 9 1  

t o t a l )  
2 0 2 0  
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Georg~a Electrlc~ty Sector Least Cost Development Plan 

Georgia Base Case+Transfer of Energy 9/27/98 
Capacity Suamnary Report 

Existing Capacity IMWl (Boilers IGJ/hl not included in total) 
Unit 2000 2005 2010 2015 2020 

MINADZE WMMP 
STORI 1 NSlP 
STORI 2 NSZP 
DZERVA CDZP 
PONICHALA EPOP 
RUSTAVI MTKVARI ERUP 
ABULI EBUP 
MUTSO EhmP 
GWAZEULI CASC EGUP 
ZESTAPONI CASC WZCP 
TSICHENISTlW&I C W S P  
WIND FARM M S CWIP 

Total 2528 

Capacity Additions and Retrofits 
Unit 2000 

GARDABANI 4OOCC EGTP 
COMB CYCLE 400 SGTP 
COMB CYCLE 400 WGTP 
GAPDABANI 32OCC EGOP 
GARDABANI 150GT EGGP 
GAS TTRB 150 SGGP 
GASTURB150 WGGP 
GARDABANI 4 7 EGlP 
GARDABANI 5 6 EGZP 
GARDABANI 38 E38E 
GARDABANI 910 E9lE 
GARDABANI 910R EG9P 
GARDABANI llSTC EGSP 
TKIBULI COAL WTCP 
TBILISI CHP EX ETEE 
TBILISI CHP RH ETRP 
BATUMI GTU SBCP 
ENGvRI NENE 
ENGURI REHAB I NElP 
ENGvRI REHAB NElP 
VARDNILI 1 NVAE 
VARDNILI 1 REH NVlP 
VARDNILI 2 4 R Nvzp 
FHUDONI 1 NKlP 
ATZHESI SATE 
ATZHESI REHAB SAlP 
GUMAT1 1 WGlE 
GUMAT1 1 REHAB WGAP 
GUMATI 2 WGZE 
GUMATI 2 REHAB WGBP 
LAJANORI WWU( 

LAJANORI REHAB WLRP 
RIONI WRIE 
RIONI REHAB WRRP 
SHAORI WSHE 
SHAORI REHAB WSRP 
TKIBULI W B E  
TXIBULI REHAB WTRP 
VARTSIKHE 1 4 WVAE 

IMWI (Boilers [GJ/hl not included in total) 
2005 2010 2015 2020 

~agionr System Page: 6 2 09/30/98 
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Ceorg~a Electncib Sector Least Cost Delelopment Plan 

Georgia Base Casethanstar of Energy 9/27/98 
Capacity Su=ary Report 

Capacity Additions an 
Oni t 

VARTSIXHE I 4R kVRP 
TVISHI hTW 
NMAKKVANI WNAP 
JOHETI WJOP 
JINVALI CJIS 
JInvALI RKHAB CJRP 
HIBAMI 1 EKlK 
K m S x I l R E I U B  EKAP 
lCiR&HI 2 EX1 E 
HIBAMI 2 RKHXB EXaP 
ORTACEALA KO- 
ORTACLLALA RE= EOAP 
ZAHKSI EZAS 
ZAEESI RKHAB EZlP 
(3IERI WICP 
Jo-I WIRP 
TSAGKRI !mTP 
PARAVAWI WPPP 
WINADZE HmIP 
STORI 1 NSlP 
S M R I  2 NSZP 
DZERVA CDZP 
PONI- EPOP 
RUSTAVI MTKVARI E R W  
ABULI E B W  
m s o  gw[Tp 

GUBAzEm.1 CASC E r n  
ZESTAPONI CASC WZCP 
TSFHENISTKALI C hTSP 
WIND PARP6M S CUIP 

d Retrofits 
2000 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

IWWl (Boilers 
2005 2010 

0 184 
0 0 
0 0 
0 0 
0 0 

130 0 
0 0 

113 0 
0 0 

110 0 
0 0 
0 18 
0 0 
0 4 4 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

Total 45 2015 947 217 793 

Capacity Retired and Retrofitted [WW] (Boilers [cJ/hl not included in total) 
Unit 2000 2005 2010 2015 2020 

GARDABANI 4OOCC EGTP 
CQm CYCLE 400 SGTP 
COMB CYCLE 400 WGTP 
GARDABANI 320CC EGOP 
GARDABANI 15OGT EGGP 
GAS TURB 150 SGGP 
GAS TURB 150 HGGP 
GARDABANI 4 7 EGlP 
GARDABAN1 5 6 EG2P 
GARDABANI 38 E38E 
GARDABANI 910 E91E 
GARDABANI 910R EG9P 
GARLIABANI IlSTC EGSP 
TXIBVtI COAL hTCP 
TBILISI (HP Ex FTW 
TBILISI (31P RH ETRP 
IUTrmI GTU SBCP 
K H m 1  MINK 
KNGURI REHAB 1 MIlP 
KNGURI REHAB NKlP 
VARDNILI 1 N V M  

Region S y s t u  Paget 6 3 09/30/98 

[GJ/hl not included in total) 
1015 2020 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
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Georg~a Electnclty Sector Least Cost Development Plan 

Georgia Base Case+Transfer of Energy 9/27/98 
Capacity Sununary Report 

Capacity Retired and Retrofitted [MWI (Boilers [GJ/hl not included in total) 
Unit 2000 2005 2010 2015 2020 

VARDNILI 1 REH NVlP 
VARDNILI 2 4 R NV2P 
lUmDONI 1 NKlP 
ATZHESI SATE 
ATZHESI REHAB SA1P 
GUMATI 1 WGlE 
GmdRTI 1 REHAB WGAP 
GUMAT1 2 WGZE 
GUMATI 2 REHAB WGBP 
LAJANURI WLAE 
WLJ-I REHAB WLRP 
RIONI WRIE 
RIONI REHAB WRRP 
SHAORI WSHE 
SHAORI REHAB WSRP 
TKIBULI WTBE 
TKIBULI REHAB WTRP 
VARTSIKHE 1 4 WVAB 
VARTSIKHB 1 4R WVRP 
TVISHI WTVP 
NAMAMVANI WNAP 
JONETI WJOP 
JINVALI CJIE 
JINVALI REHAB CJRP 
lCHRAldI 1 EXlE 
IIlIRAldI 1 REHAB EKAP 
KnRAMI 2 EK2E 
U i W I  2 REHAB EKBP 
ORTACKAWL EORE 
ORTACHAWL REHA SOAP 
ZAHESI EZAE 
ZAHESI REHAB EZ1P 
CHERI WICP 
JOFXVALI WIRP 
TSAGERI WTTP 
PARAVANI WPPP 
KINADZE WMl6P 
STORI 1 NSlP 
STORI 2 NSZP 
DZERVA W Z P  
PONICHALA EPOP 
RUSTAVI MTWARI ERUP 
ABULI BBDP 
MUTSO EldOP 
GUBAZEULI CASC EGUP 
ZBSTAPONI CASC WZCP 
TSKnENISTKALI C WTSP 
WIND FARM X S CWIP 

Capacity Retired Early [MWI (before End of Technical Life) 
unit 2000 200s 2010 201s a020 

OARDABAN1 910 E91E 0 0 0 0 0 

Regions System Page: 6 4 09/30/98 
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Georg~a Electr~clty Sector Least Cost Development Plan 

Georgia Base Case+Power Exchange 9/27/98 
Regional Summary Report 

Capacity Avoided Costs tnsSlkwla1 

lo Capacity by Plant Type [EIWI 

Coal 
Oil/Gas Steam 
Hydro 
Combined Cycle 
Gas Turbine 
Renewable 
CHP Steam Cycle 

Total 

11 Capacity Additions and Changes 
by Plant Type [NWl 

Coal 
Oil/Gas Steam 
Hydro 
Combined Cycle 
Gas Turbine 
Renewable 
CHP Steam Cycle 

Total 

12 Generation by Plant Type [Gh'hl 

Coal 
Oil/Gas Steam 
Hydro 
Combined Cycle 
Gas Turbine 
Renewable 
CHP Steam Cycle 

Total 

Generation by Plant Type [PJI 

Coal 
Oil/Gas Steam 
Hydro 
Combined Cycle 
Gas Turbine 
Renewable 
FHP Steam Cycle 

Total 

Region System Page 1 2 09/30/98 
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Georg~a Electr~c~ty Sector Least Cost Development Plan 

Georgia Base Case+Power Exchange 9/27/98 
Resource Purchases and Sales by Season and Plant 

Plant Name 

TKIBULI COAL 

Coal 

GARDABANI 4 7 
GARDABANI 5 6 
GARDABANI 38 
GARDABANI 910 
GARDABANI 910R 

Oil/Gas Steam 

ENGURI 
ENGURI REHAB 1 
ENGWI REHAB 
VARDNILI 1 
VARDNILI 1 REH 
VARDNILI 2 4 R 
NmDONI 1 
ATZHESI 
ATZKBSI REHAB 
OUldATI 1 
GUMAT1 1 REHAB 
GOMATI 2 
-TI 2 REHAB 
LAJ-I 
LAJ-I REHAB 
RIONI 
RIONI REHAB 
SHAORI 
SNAORI REHAB 
TKIBULI 
TKIBULI REHAB 
VARTSIlMB 1 4 
VARTSIlME 1 4R 
TVISHI 
NAMAKnvANI 
JONETI 
JINVALI 
JINVALI REHAB 
KnmxI 1 
1 M W I  1 REHAB 
KnRAr4I 2 
KnmxI 2 REHAB 
ORTACNALA 
ORTACHALA RBNA 
ZAnESI 
ZAHESI REHAB 
CHERT 
JORXVALI 
TSAGERI 
PARAVANI 
MINADZE 
STORI 1 
STORI 2 
DZERVA 
PONICNALA 

Capacity 
R M Dispatch 

WTCP 0 0 

EGlP 0 0 
EGZP 0 0 
E38E 180 180 
E91E 600 600 
EG9P 0 0 

NENE 880 880 
NElP 0 0 
NElP 0 0 
NVAE 65 7 2 
NVlP 0 0 
NVZP 0 0 
NKlP 0 0 
SATE 5 12 
SAlP 0 0 
WGlE 19 3 3 
WGAP 0 0 
WG2E 10 23 
WGBP 0 0 
WWLE 60 60 
WLRP 0 0 
WRIE 30 4 9 
WRRP 0 0 
WSHE 15 3 8 
WSRP 0 0 
Wl%E 30 80 
WTRP 0 0 
WVAE 80 140 
WVRP 0 0 
m 0 0 
WNAP 0 0 
WJOP 0 0 
CJIE 65 6 5 
CJRP 0 0 
EKlE 70 113 
EKAP 0 0 
EK2E 80 110 
EKBP 0 0 
EORE 12 18 
EOAP 0 0 
EZAE 15 37 
EZ1P 0 0 
WICP 0 0 
WIRP 0 0 
WTTP 0 0 
WPPP 0 0 
YRQdP 0 0 
NSlP 0 0 
NS2P 0 0 
CnZP 0 0 
EPOP 0 0 

WINTER 
[GWhl C P Avail 

660 25 8 95 9 
0 N/A 73 8 
0 N/A 7 3 8  

118 56 7 56 7 
0 N/A 9 5 9  
0 N/A 9 5 9  
0 N/A 9 5 9  
14 40 0 40 0 
0 NIA 30 0 
38 39 5 41 4 
0 N/A 54 5 

24 36 3 43 6 
0 N/A 63 1 

59 33 9 57 5 
0 N/A 5 9 9  

64 45 0 59 9 
0 N/A 68 5 

42 37 5 37 5 
0 N/A 9 5 9  

54 23 2 44 3 
0 N/A 95 9 

195 47 9 48 0 
0 N/A 4 1 7  
0 N/A 9 5 9  
0 N/A 95 9 
0 N/A 9 5 9  

98 51 9 95 9 
0 N/A 5 1 6  

106 32 3 63 9 
0 N/A 95 9 

117 36 6 73 1 
0 N/A 9 5 9  
13 24 9 63 9 
0 N/A 42 6 

43 40 0 40 0 
0 N/A 3 2 7  
0 N/A 9 5 9  
0 N/A 9 5 9  
0 N/A 9 5 9  
0 N/A 9 5 9  
0 N/A 9 5 9  
0 N/A 9 5 9  
0 N/A 95 9 
0 N/A 95 9 
0 N/A 95 9 

Region: Systam Page* 2 1 09/30/98 
year 2000 

?RING S 
C F Avail [OWh] 

FALL Total 
Avail IGWhl C F Avail tGWhl C P Avail 
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Georgia Electricity Sector Least Cost Development Plan 

Georgia Base Case+Power Exchange 9/27/98 
Capacity Summary Report 

Existing Capacity [MI (Boilers [GJ/hl not included in total) 
vni t 2000 

GARDABANI 4OOCC EGTP 
COldB CYCLE 400 SGTP 
COMB CYCLE 400 WGTP 
GARDABANI 320CC EGOP 
GARDABANI 150GT EGGP 
GAS Tm(B 150 SGGP 
GAS TURB 150 WGGP 
GARDABANI 4 7 EGlP 
GARDABANI 5 6 EGZP 
GARDABANI 38 E38E 
GARDABAN1910 E91E 
GARDABANI 91OR EG9P 
GARDABANI llSTC EGSP 
TKIBVLI COAL WTCP 
TBILISI CHP EX ETEE 
TBILISI CHP RH ETRP 
BATOM1 GTV SBCP 
m m 1  NENE 
ENGURI REHAB 1 NElP 
ENGURI REHAB NElP 
VARDNILI 1 NVAE 
VARDNILI 1 REH NVlP 
VARDNILI 2 4 R NVZP 
XHDDONI 1 NXlP 
ATZHESI SATE 
ATZHESI REHAB SAlP 
GUMllTI 1 WGlE 
GUMAT11 REHAB WGAP 
GmdATI 2 WG2E 
GUMATI 2 REHAB WGBP 
W A N O R 1  WLAE 
LAJANVRI REHAB WLRP 
RIONI WRIE 
RIONI REHAB WRRP 
SHAORI WSHE 
SHAORI REHAB WSRP 
TKIBVLI WTBE 
TKIBVLI REHAB WTRP 
VARTSIKHE 1 4 WVAE 
VARTSIXHE 1 4R 
WISH1 
NAmKnvANI 
JONETI 
JINVALI 
JINVALI REHAB 
KHmMI 1 
XHRAMI 1 REHAB 
XHRAMI 2 
XHRAldI 2 REHAB 
ORTACHALA 
ORTACHALA REHA 
ZAHESI 
ZAHESI REHAB 
CHERI 
JORKVALI 
TSAGERI 
PARAVAN1 

WVRP 
WTVP 
WNAP 
WJOP 
CJIE 
CJRP 
EKlE 
EKAP 
EK2E 
EKBP 
EORE 
EOAP 
EZAE 
EZlP 
WICP 
WIRP 
WTTP 
W P P  

RegionrSyetsm Page 6 1 09/30/98 

Final Report 
Volume 2 Append~x 9 Page 17 1 September 1998 



Georgia Electncih Sector Least Cost De\elopment Plan 

Region Systan Page 6 3 09/30/98 Georgia Base Caae+Powsr Exchange 9/27/98 
Capacity hear) Report 

Existing Capacity [WI (Boilers [Wlhl not included in tatall 
Dhlt 2000 

XILIHMZR kMfP 
STORI 1 NSlP 
S M R I  2 NS2P 
DZERVA W Z P  
PONICKUA EPOP 
RVSTAVI XTKVARI ERUP 
ABULI EBDP 
m s o  rn 
GmA!LEULI CASC E r n  
ZESTAPONI CkSC WZCP 
TSICAEHISTK&LI C m S P  
WIND PARX Y S CiiIP 

Total 

Capacity Additions and Ratrofits tMWl (Boilers IGJlhI not included in total1 
Unit 2000 

ULRDABANI 400CC EOPP 0 
COMB CYCLE 400 SGTP 0 
COMB CYCLE 400 UGl'P 0 
ULRDABANI 32OCC EGOP 0 
GARDABANI 150GT EGGP 0 
GAS TrmS 150 SGGP 0 
GASTURB150 WGGP 0 
GAPDABANI 4 7 EGlP 0 
GARDABANI 5 6 EG2P 0 
ULRDABANI 38 E38E 0 
GARDARWI 910 E91E 0 
GARDABANI 910R EG9P 0 
GARDABANI llSTC EGSP 0 
TKIBULI COAL hTCP 0 
TBILISI CHP EX ElgE 0 
TBILISI CHP RH ETRP 0 
EATUKI GTD SBCP 4 5 
mm1 NIWg 0 
ENGURI REHAB 1 HglP 0 
m m 1  RERAB WElP 0 
VARDNILI1 NVAE 0 
VAPDNILI 1 REA M P  0 
VARDNILI 2 4 R NV2P 0 
lCHUDON1 1 m 1 P  0 
ATZAESI SATE 0 
ATZHESI RENAB SAlP 0 
FmVLTI 1 WGlE 0 
GUneTI 1 RglLbB W W  0 
GUlIATI 2 WG2E 0 
Om6ATI 2 RKRAB WGBP 0 
WJ-I YW 0 
WJANURI RHIUB WLRP 0 
RIONI WRIE o 
RIONI PXHAB WRRP 0 
SRAORI W S W  0 
m O R 1  RERAB WSRP 0 
TXIBULI m%L 0 
TKIBVLI PXHAB hTRP 0 
VARTSIICRE 1 4 WVAE 0 
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Georg~a Electr~clty Sector Least Cost Development Plan 

Georgia Base Case+Power Exchange 9/17/98 
Capacity Summary Report 

Region System Page 6 3 09/30/98 

Capacity Additions and Retrofits IMWI (Boilers IGJ/hl not included in total) 
Unit 2000 

VARTSIKHE 1 4R WVRP 
TVISBI WTVP 
NAMAEZNANI WNAP 
JONETI WJOP 
JINVALI CJIE 
JINVALI REHAB CJRP 
KHRAMI 1 EKlE 
KHRA16I I REHAB EKAP 
KHRAMI 2 EK2E 
K H M I  2 REEAB EKBP 
ORTACHRIA EORE 
ORTACHALA REKA EOAP 
ZAHESI EZAE 
ZAHESI REHAB EZlP 
(3IERI WICP 
JORXL'ALI WIRP 
TSAGERI WTTP 
PARAVANI WPPP 
MINADZE WMIIP 
STORI 1 NSlP 
STORI 2 NSZP 
DZERVA CDZP 
PON1CWS.A EPOP 
RUSTAVI MTKVARI ERUP 
ABULI EBUP 
ldiPTS0 EMlP 
GLIBAZEULI CASC EGUP 
ZESTAPONI CASC WZCP 
TSKHENISTKALI C W S P  
WIND FARM M S CWIP 

Total 4 5 

Capacity Retired and Retrofitted [MI (Boilers [GJ/hl not included in total) 
Unit 2000 

GARDABANI 4OOCC EGTP 0 
COMB CYCLE 400 SGTP 0 
COMB CYCLE 400 WGTP 0 
GARDABANT 320CC EGOP 0 
GARDABANI 150GT EGGP 0 
GAS TURB 150 SGGP 0 
G A s m  150 WGGP 0 
GARDABANI 4 7 EGlP 0 
GARDABANT 5 6 EG2P 0 
GARDABANI 38 E38E 0 
GARDABANT 910 E91E 0 
GARDABAN1 91OR EG9P 0 
GARDABANI llSTC EGSP 0 
TKIBULI COAL WTCP 0 
TBILISI M P  EX ETEE 0 
TBILISI CHP R H  ETRP 0 
BATOM1 GTD SBCP 0 
ENGVRI NENE 0 
ENGVRI REHAB 1 NElP 0 
ENGVRT REHAB NElP 0 
VARDNILI 1 NVAE 0 
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Georg~a Electncrt~ Sector Least Cost Delelopment Plan 

Georgia Base Case*Ponr Exchange 9/27/98 
Capacity Su?=ary Report 

Capacity Retired and Retrofitted IIIYl (Boilers [CJlh] not included in total) 
unit 2000 

VARDNILI 1 RKH NVlP 
VARDNILI 2 4 R HV2P 
KKUDOHI 1 NKlP 
ARHKSI Shlg 

ARHKSI RHUB S U P  
GmmTI 1 h-GlE 
GUMAT1 1 RKHAB W a P  
-TI 2 WG2E 
-TI 2 REIIBB WGBP 
WWANURI - 
LAJANURI RKHAB WLRP 
RIONI WRIE 
RIONI RKHAB WRRP 
SHAORI WSHE 
SHAORI RKHAB WSRP 
TXIBVLI WTBE 
TXIBLmI RKHAB m 
VARTSIIME 1 4 UVAK 
VARTSIKKK 1 4R WVRP 
TVISAI UrVP 
N?&AmVANI WHAP 
JONKTI WJOP 
JINVALI CJIE 
JINVALI REILbB CJRP 
lMIUWI1 EXlE 
FxRAxI 1 RxHAB EKAP 
-1 2 EX2E 
lMIUW1 2 RKHAB EKBP 
ORTACXALA EORK 
0RTACttAI-l REBA EOAP 
WfgSI EZAK 
W S I  RKHAB EZlP 
CBERI WICP 
JORXVALI WIRP 
TSAGKRI WTPP 
PAPAVANI WPPP 
XINADZB WWdP 
STORI 1 NSlP 
STORI 2 NSPP 
DZERVA W Z P  
P0NICttAI-l EPOP 
RUSTAVI -ART ERUP 
M V L I  EBUP 
m s o  rn 
GDBAZEVLI W C  E m  
ZESTAPONI CtBC hZCP 
TSIMBNISTKALI C KPSP 
WIND P ~ X  S CWIP 

Total 0 

Capacity Ratirsd Early [MI (before End of Technical Life) 
Unit 2000 

F~nal Report 

k'olume 2 Append~x 9 Page 174 September 1998 



Georg~a Electrlclty Sector Least Cost Development Plan 

Georgia Base Case+Power Exchange 9/27/98 
Capacity Summary Report 

Regions System Page 6 5 09/30/98 

Capacity Retired Early [MWI (before End of Technical Life) 
unit 2000 

Total 0 

Total Capacity [IdWl (Boilers [GJ/hl not included in total) 
uni t 2000 

GARDABANI 4OOCC EGTP 
COMB CYCLE 400 SGTP 
COMB CYCLE 400 WGTP 
GARDABANI 320CC EGOP 
OARDABAN1 150GT EGGP 
GAS FJRB 150 SGGP 
GAS TDRB 150 WGGP 
GARJJABANI 4 7 EGlP 
GARDABAN1 5 6 EG2P 
GARDABANI 38 E38E 
GARDABANI 910 E91E 
GARDABANI 910R EG9P 
GARDABANI llSTC EGSP 
TKIBULI COAL WTCP 
TBILISI CHP EX ETEE 
TBILISI M P  RH ETRP 
BATUXI G m  SBCP 
ENGURI NENE 
ENGURI REHAB 1 NElP 
ENGVRI REHAB NElP 
VARDNILI 1 NVAE 
VARDNILI 1 REH NVlP 
VARDNILI 2 4 R w a p  
Um'DONI 1 NKlP 
ATZHESI SATE 
ATZHESI REHAB SAlP 
GmdATI 1 WGlE 
GUMAT1 1 REHAB WGAP 
GUHATI 2 WG2E 
GUMATI 2 REHAB WGBP 
LAJANDRI WLAE 
LAJANDRI REHAB WLRP 
RIONI WRIE 
RIONI REHAB WRRP 
SHAORI WSHE 
SHAORI REHAB WSRP 
TKIBULI WTBE 
TKIBULI REHAB WTRP 
VARTSIFHE 1 4 WVAE 
VARTSIKHE 1 4R WVRP 
TVISHI WTVP 
NziXhKNVANI WNAP 
JONETI WJOP 
JINVALI CJIE 
JINVALI REHAB CJRP 
KHPAMIl EXlE 
KXRAMI 1 REHAB EKAP 
lMRAMI 2 EK2E 
KHP.AMI 2 REHAB EKBP 
O R T A W  EORB 
ORTACHAM REHA EOAP 
ZAHESI EZAE 
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Georg~a Electric10 Sector Least Cost Delelopment Plan 

G e o r g i a  B a s e  C a s e + P o v e r  h c h a n g e  3 / 1 7 / 9 8  
C a p a c i t y  Sw!=ary R e p o r t  

T o t a l  C a p a c i t y  Cml ( B o i l e r s  [W/hl not rncluded in t a t a l l  
Una t l o 0 0  

ZILIIESI BEHbB EZ1P 0  
m x  WW 0  
JORXVALI WIRP 0 
TSAGERI KITP 0 
PARAVANI WPPP 0  
-ZB Y13HP 0  
S M R I  1 N S l P  0  
STORI 2  N S l P  0  
DZERVA W Z P  0 
PONICRALA EPOP 0  
RUSTAVI HT'KVARI ERUP 0  
ABULI EBVP 0  
m s o  KmT 0  
CIPLUZWLI CbSC EGUP 0  
ZESTAPONI W C  WZCP 0  
TSUIXNISTKALI C WPSP 0  
WIND FlLRldl6 S CYIP 0 

T o t a l  1 5 7 3  
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Georgia Electrlclty Sector Least Cost Development Plan 

Georgia Base Case+Power Exchange 9/27/98 
Fuel Consumption Report 

Regioni system Pager 10 1 09/30/98 

Fuel Consumption by Fuel and Fuel Type [pal 

Fuel 
HYDRO 
Hydro 

GAS-SO 
GAS-WE 
GASl 
GAS2 
Gas 

OIL1 
OIL2 
Oil 

C1 
Coal 

Nuclear 0 0 

NONE 
NONE 

Grand Total 

Fuel Costs by Fuel and Fuel Type [MUSS1 

Fuel 
HYDRO 
Hydro 

GAS-SO 
GAS-WE 
GASl 
GAS2 

Gas 

OIL1 
01La 

Oil 

C1 
Coal 

Nuclear 

NONE 
NONE 
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Georg~a EIectr~c~ty Sector Least Cost Development Plan 

Georgia Base Case+Power Exchange 
Transmission Report 

Transmission Builds Report 

Transmission Builds [MWI 

Source Destination 
Region Region 
WEST CENTRAL 
CENTRAL WEST 
NORTH RUSSIA 
RUSSIA NORTH 
CENTRAL AZERBJ 
AZERBJ CENTRAL 
WEST NORTH 
NORTH WEST 
CENTRAL TURKEY 
TURKEY CENTRAL 
CENTRAL EAST 
EAST CENTRAL 
SOUTH WEST 
WEST SOUTH 
SOUTH NORTH 
NORTH SOUTH 
CENTRAL EAST 
BAST CENTRAL 
WEST CENTRAL 
CENTRAL WEST 

Reduced Costs tUSS/kW/al 

Source Deatination 
Region Region 
WEST CENTRAL 
CENTRAL WEST 
NORTH RUSSIA 
RUSSIA NORTH 
CENTRAL AZERBJ 
AZERBJ CENTRAL 
WEST NORTH 
NORTH WEST 
CENTRAL TURKEY 
m y  CENTRAL 
CENTRAL EAST 
EAST CENTRAL 
SOUTH WEST 
WEST SOUTH 
SOUTH NORTH 
NORTH SOUTH 
CENTRAL EAST 
EAST CENTRAL 
WEST CENTRAL 
CENTRAL WEST 

law Built 
2 0 0 0  

0  0  
0  0 
0 0  

410 9 
410 9 

0 0 
0 0 
0 0 
0 0 
0 0 
0  0 
0 0  
0 0 
0  0 
0 0  
0  0  
0 0 
0 0 
0  0  
0 0 

Reduced Cost 
2 0 0 0  

0 0 
0 0 
0  0 
0 0  
0 0 
0 0 

Page: 1 2  2  0 9 / 3 0 / 9 8  
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