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10 EXECUTIVE SUMMARY
11 Introduction

The work described in this report was conducted by Burns and Roe Enterprises, Inc
(BREI) through 1t’s contract with the US Agency for International Development
(USAID) The work was completed under the framework of USAID’s Energy Efficiency
and Market Reform Project for the Newly Independent States It was implemented under
Delivery Order #11 for Georgia entitled, “Tbilis1 District Heating System (DHS)
Improvement Program ” This work has included the development of specific projects
that will lead to returming portions of the existing DHS back into operation In addition,
USAID provided funds to implement some of the most urgently needed heating system
rehabilitation work, which has been successfully implemented at four hospitals and two
schools

Georgia 1s dependent on imported natural gas and petroleum fuels for generation of
electricity and production of heat for domestic and commercial consumers Non-payment
for energy by consumers, and lack of hard currency for the government to pay for
imported energy resulted 1n large debts and eventual curtailment or stopping of gas and
o1l supplies Lack of gas, o1l and electricity has in turn resulted in shutting down the
enterprises producing the export commodities, which could have provided hard currency
to pay for imported fuel or energy

The fuel crisis resulted 1 complete shutdown i 1993 of 46 district-heating system
thermal stations for the past five winters, which formerly supplied heat and hot water to
the city of Tbilis1 The one small Combined Heat and Power (CHP) station 1n the center
of Thilis1 has only operated intermuttently over the past six years, mostly for supplying
heat to government buildings In addition, more than 40 hospitals and orphanages have
not had natural gas for hot water heating boulers, or diesel o1l for emergency generators

The population has resorted to substituting electrical resistance heaters for warmth, for
hot water heating and for cooking The electrical distribution systems were not designed
for these loads and system protection measures such as fuses, breakers and load-shedding
controls have been bypassed Power supply 1s still not reliable, with frequent outages, and
varying voltage and frequency, causing damage to equipment

Up to the present time the main fuels now being used by the population for winter heating
are kerosene, propane and wood Many large consumers of heat such as government
buildings, universities, banks and private commercial enterprises have installed their own
hot water heating boilers burning diesel o1l, and disconnected their buildings from the
district heating networks They can be switched back to natural gas supply when
available
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12 Prmcipal Findings

e Forty-six district heating thermal stations representing about 2927 MWt (thermal)
have been shut down since 1993 without any capital preservation of boilers and/or
lay-up of 3268 km of distribution piping It 1s doubtful that any of these stations can
be economically rehabilitated

e There are more than 5000 apartment buildings with more than 300,000 flats housing
about 1,000,000 people which were previously supplied with district heating hot
water

e Before 1993, 20% of electricity supply was for domestic household use Currently
more than 70% of electricity 1s used for heating, hot water supply and cooking, which
1s mefficient

e It 1s estimated that more than 300 MWe of electrical load has been added since cut off
of heating by the DHS

e Included m section II of this report are several design proposals and cost estimates
and economic analyses for rehabilitation and/or re-powering of some district heating
thermal stations and hospitals heating systems and geothermal hot water supply

e A summary of costs for DHS rehabilitation work are as follows

Description Unit Cost Estimated Total Cost, $
Restore hot water supply to $700-$900 per apartment $3 5-4 5 million
apartments

Restoration of hot water $600/meter $2,000 million
network

Reconstruct a typical CHP  $140-$250/kw $420-750 mithon

e Included as an attachment to the technical report in section II of this report, 1s a
proposal for a Pilot Demonstration Zone for metering of electricity, natural gas and
geothermal hot water and installation of apartment gas heaters This project will cost
about $200,000 Detailed designs and specifications were also prepared

e There have been several success stories about supplying heat to needy consumers
USAID funds ($300,00) were used to repair boilers in two maternity hospitals, a
mental hosprtal, and the Thilist Burn Hospital Also, a solar hot water system was
installed at the burn hosprtal that will provide about 40% of their annual hot water
consumption In addition, gas fired hot water boilers were nstalled at two schools

There are local contractors who can perform DHS rehabilitation work on a firm fixed

price basis All work for the above DHS rehabilitation work were performed by local

Georglan contractors All contractors were selected through a competitive bidding

process, 1n accordance with USAID requirements
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13 Recommendations

Over the past three years there has been review of previous studies and reports, detailed
assessments of forty- seven thermal stations, twenty- three hospitals and orphanages,
numerous schools, and surveys of the population In addition, several rehabilitation and
re-powering proposals have been developed for alternative cogeneration Combined Heat
and Power (CHP) Plants Following are a few recommendations that hopefully will help
to alleviate the continuing energy crisis in Georgia, and especially 1n the city of Thilisi

e It appears that the only realistic hope for restoring heat and hot water to the
population of Thilis1 for domestic use 1s an eclectic mix of individual projects Some
examples are a few district heating stations reconstruction or re-powering as
cogeneration, some decentralized gas fired building heating boilers, development and
utilization of existing geothermal resources for hot water, installation of through-the-
wall gas fired heaters in individual apartments and solar hot water supply systems

e Most important 1s rehabilitation and restoration of metered natural gas supplies to
individual apartment flats for cooking, heating and hot water heaters

e In parallel, 1t 1s necessary to upgrade and restore electricity metering and payment
collection When tenants realize that natural gas 1s less than half the price of
electricity and kerosene, there 1s an incentive to mstall relatively mmexpensive gas
heaters 1n their flats There 1s also the resulting environmental and health benefits

e Millions of dollars 1n loans are being considered for building more megawatts of
fossil fired electric generating capacity However the already overloaded and
depreciated distribution system cannot handle additional resistance heat loads
Funding should be provided for continued rehabilitation of the natural gas and
electrical distribution and metering systems to consumers

e The highest priority should be given to implementing targeted pilot projects coupled
with the reforms for legal and accounting systems for payments for energy and
continued privatization of the energy enterprises resulting in a workable free market
economy
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20 BACKGROUND

Twelve newly independent states (NIS) emerged from the collapse of the former Soviet
Union 1 1991 USAID has addressed and managed assistance to these countries through
the Bureau for Europe and the New Independent States (USAID/ENI) Funding activities
in the energy, energy related and environmental sectors have supported techmical
assistance, traming, pre-loan assessments, feasibility studies and limited capital assistance
in support of energy related equipment and cooperative activities with local mnstitutions

USAID has provided support to the country of Georgia through 1ts Mission 1 Yerevan,
Armema and through 1ts resident contractor Burns and Roe and subcontractor ArCi
Consulting Ltd m Thilist This support has been directed towards development of
Georgia’s nstitutional and regulatory reforms needed to attract private sector
participation and nvestment, implementing conservation and energy efficiency programs
1n the mdustrial and residential sectors and developing indigenous energy resources such
as geothermal, coal and solar

Numerous feasibility studies and proposals have been prepared over the past five years in
support of funding decisions by the World Bank and the European Bank for
Reconstruction and Development (EBRD) This report 1s the culmination of three years
of work funded by USAID, which began with Delivery Order No 8 mn 1995 to find
solutions for the heating crisis, which has occurred, since then 1n the city of Thilis1

21 Objectives of Delhvery Order

The purpose of this delivery order was to address the critical emergency needs of the
energy sector by expanding use of domestic energy resources and improving the
efficiency of energy consumption An additional objective was to further evaluate the
condition of the Tbilisi district heating systems and work with local authorities to provide
immediate, near and long term proposals for providing heat to all economically viable
consumers, as well as to the most vulnerable consumers such as hospitals, orphanages
and schools Designs and specifications were generated to conduct a pilot metering,
billing and collection project 1n a representative Demonstration Zone of Tbilist

22 Scope of Work

Additional data collection and condition assessments were carried out by review of all
available reports and studies to date and re-visiting of district heating thermal stations,
Tbilis1 TES, hospitals, schools and government buildings, as well as interviews with
residents and techmical specialists The Scope of Work required for developing the
immediate, short and long term rehabilitation and development of district heating
follows

DO11EXC1 DOC 4




Burns and Roe Enterprises, Inc
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Identify alternative forms of heating, including cost of equipment, efficiencies, fuel
and maintenance costs and economic comparison to other forms of heating

Evaluate the potential future need for construction of new capacity

Develop budgetary capital, operating and maintenance cost estimates for proposed
rehabilitation plans

Identify potential financing sources for system upgrade projects

Include a Pilot Demonstration Zone 1nstallation and replication of metering, billing,
collection and control systems to support the privatization and future
commercialization of utility supply companies

Provide limited procurement of critically needed spare parts and materials to renovate
and operate boilers and piping

Procurement of materials for the pilot metering project should have priority

Consult and coordinate with the government of Georgia, the Municipality of Thilisi,
international financial institutions and other western consultants and donor
orgamzations
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30 DISCUSSION
31 Introduction

This report 1s a continuation and conclusion of work started in November 1994 under
USAID Delivery Order No 8 — Georgla, to address the Critical Energy Needs
(Emergency Program) after break-up of the Soviet Union in 1991 The objectives were to
provide emergency assistance to Georgia’s most vulnerable groups such as hospitals
schools and orphanages and to accomplish a preliminary assessment and database for the
district heating systems i Tbilisi A report, “Study of Thbilis1 Heat Supply Systems,
Rehabilitation and Development Opportunities” was prepared by ArCi Consulting for
Burns and Roe 1 April-May, 1995 Burns and Roe completed a Report for Delivery
Order 11 entitled “ Dastrict Heating System Optimization and Hospital Heating System
Rehabilitation for the City of Tbilis1” was completed in February 1996  This report
summarized the results of the ArCi Study, and outlining a number of potential projects
for rehabilitation or development

The objectives of USAID Delivery Order No 11 — Thilist District Heating System
Improvement Program, as a continuation in February 1996, was to assess the current
status of the Tbilis1 district heating systems The tasks were to identify alternatives for
providing heat for the population, evaluate potential future need for construction of new
capacity, develop rehabilitation proposals and identify potential financing sources for
system upgrade projects An additional requirement was to install and conduct a
Demonstration Zone Pilot metering, billing, collection and control system to support the
privatization and commercialization of district heating and utility service companies

This section of this report, Part I, presents an overview of the previous several years of
studies, assessments and findings Part II of this report and appendices contains the
detailed technical reports and reference information

32  Defining the Problem

Before 1960 heat was supplied to buildings and facilities in Thilis1 from about 1000
separate low capacity boiler houses The only central heating system was the Thermal
Electric Station (TES) which originally heated eleven multi-flat dwelling houses

Development of the city’s present centralized district heat supply systems based on
medium and high capacity thermal stations began in 1960 At the same time, individual
boilers were elimmated Development of the centralized heating systems was facilitated
by the simultaneous construction of a natural gas distribution system throughout Georgia
that supplied natural gas imported from outside Georgia

DO11EXC1 DOC 6




Burns and Roe Enterprises, Inc
USAID Project - Dehivery Order No 11, District Heating System Improvement Program

At the present time the Tbilisi Central Heat and Power (CHP) system 1s made up of 46
district heating thermal stations and the small Thermal Electric Station (TES), which
represents a capacity of 3,600 GCal/Hr (2927 MWt) heat and about 18 MWe power As
of 1993, the district heating systems were already in poor condition due to poor
maintenance, and would have required large investment to rehabilitate Since 1993, most
of the thermal stations have been shut down due to lack of natural gas and mazut, and all
equipment has sustained additional damage due to lack of proper lay-up and preservation

o There are 110 hot water boilers varying in size from 0 8 GCal/Hr to 150 GCal/Hr for
a total heat output of 7,327 GCal/Hr Ages vary from 9-30 years (1968-1989) These
boilers are low efficiency designs, and most are beyond repair

e There are 111 steam boilers varying 1n size from 1-100 tonnes/Hr for heating mazut
and water and for supplymng steam to industrial consumers for a total steam
production of 3042 tonnes/Hr Most of these boilers have deteriorated beyond repair

e There are more than 550 pumps for boiler feed, hot water distribution, water
treatment and mazut, 286 heat exchangers and 79 deaerators, most of which have
deteriorated beyond repair

e Most of the electrical equipment 1s more then 25 to 30 years old, obsolete and
deteriorated beyond repair Much has been vandalized and removed

e There 1s about 3268 Km (2043 mules) of piping nstalled 1n the city of Thilis1 district
heating systems Most of this pipe 1s erther direct buried with bitumen-perlite
mnsulation and polyethylene water proof wrap or laid in ferro-concrrete trenches with
mineral wool nsulation and fiberglass-asphalt roofing material wrap Because the
piping has been lying 1dle for several years without circulation or heat, damage due to
internal and external corrosion and deterioration of insulation 1s estimated to be
extensive

e About 1970 Km (1231 m ) balance of piping within the thermal stations for
transporting cold and hot water, steam, natural gas and mazut 1s badly corroded and
mussing insulation Most valves are inoperable, frozen in position from corrosion and
most of the piping 1s deteriorated

e Natural gas distribution piping throughout most of Thilisi to thermal stations,
businesses and apartments has been out of service since supply cut off during 1993-
1994 Much corrosion and damage has occurred, and piping has been disconnected
where hot water heaters, stoves and some boilers have been removed Distribution
piping has been rehabilitated i some districts of Thilisi, but piping within buildings
need to be checked and leak tested

e Much of the single pipe hot water distribution piping and radiators n apartment
buildings have corroded beyond repair and some have been removed

There are more than 300,000 families 1n about 5000 apartment buildings, many that are
high rise, which were supplied with hot water from the district heating systems These
families have since substituted electric heaters, kerosene heaters and wood stoves for heat
and hot water Since the natural gas supply to Georgia was curtailed or completely cut off
during 1993-1994, more than 70% of electricity supply for domestic household use 1s
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bemng now used for heating, hot water and cooking Previously, only about 20% of
electricity was used for domestic consumption, mostly for lighting

Results from assessments and cost estimates 1n technical reports in Section II indicate that
1t would require about $700 to $900 per apartment to rehabilitate the hot water heating
system The cost to replace hot water network distribution piping would average about
$600 per meter from thermal stations The cost to reconstruct a typical thermal station
would be about $140 to $250 per kW The CHP tanff to cover heat production would
have to be at least $0 06 per kWh equivalent The present tanff for electricity 1s about
$0 033 per kWh, and there 1s very low collection of consumer payments As long as the
tariff for electricity 1s lower than the cost of district heating, no one will pay

Before 1993 the cost of heat and hot water was less than one percent of a families annual
mcome At the present cost of fuel, and rehabilitation of hot water district heating
systems, 1n order to supply the same amount of heat and hot water a family would have to
spend four to five times their present annual salary

It will be very dufficult to overcome the present inertia of consumer attitudes and energy
use patterns set over the past five years The population out of desperation for heat has
purchased thousands of electric, kerosene, propane, wood and coal heaters and stoves
Citizens will be hard pressed to again be asked to spend limited or non-existent income
for new gas heaters, gas meters or electricity meters in the near future When tenants
realize that natural gas 1s less than half the price of electricity and kerosene, there will be
the incentive to nstall relatively mexpensive natural gas heaters in their flats, and replace
electric hot water heaters with natural gas heaters

The conclusions are that as long as most of the population 1s msolvent, and electricity 1s
not properly metered and paid for, there 1s little mncentive for the population to pay for the
energy they consume It will be very difficult to economically justify rehabilitation of
district heating supply to most of the domestic population of Thilist

33 Some Possible Solutions

The most realistic solutions for restoring heat and hot water to the population 1s a
combination of projects This includes reconstruction and/or re-powering of some district
heating stations and installation of decentralized natural gas fired hot water boilers for
some large buildings or groups of bwildings Most important 1s rehabilitation of natural
gas distribution piping and restoration of metered natural gas supplies to 1ndividual
apartment flats for cooking, hot water heating and possibly some space heating In
parallel, 1t 1s necessary to upgrade and restore electric metering and payment collection

There are several thermal stations that were evaluated for reconstruction as combined

cycle Combined Heat and Power (CHP) plants that would have had good thermal hosts as
well as being able to supply electricity to the grid in order to maximize fuel utilization
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effictency These hosts were government buildings, banks, schools and hospitals

However, since completing the proposals, the potential thermal hosts procured and
installed their own hot water boilers and disconnected their buildings from the network

Since these hosts can burn natural gas to produce thewr own heat, they are not likely to
pay more for hot water from a district heating system

Several of the proposals are included i Part I and 1n the Appendix E, and could be
reconsidered 1n the future when economic and legislative reforms are stabilized and
privatization of the energy sector will allow market forces to regulate the actual prices of
energy In order to justify financing of any of the proposals, there must be the cash flow
from revenues from tanff collections for electricity, natural gas and heat to pay for the
fuel and service the loans for the projects

At the present time the most important potential rehabilitation projects are those for
hospitals, schools and orphanages where the cost of energy 1s partially subsidized by the
government The projects completed 1n the past two years with USAID and World Bank
funding are examples of small investments of seed money to demonstrate the importance
of energy conservation and developing entrepreneurial and management experience mn a
business environment Several other projects are listed in appendix E

The immediate to short term solution for supplying district heating to some of the
population 1n at least four districts of Tbilis1 1s to spend about one million dollars per year
for the next few years for maintenance and repair works at the Tbilisi Thermal Electric
Station (TES) The major constraints to this solution are the poor condition of the hot
water distribution piping en-route to buildings and the poor condition of the single pipe
systems within the buildings, as well as lack of solvency of consumers

A longer-term solution 1s to replace the existing TES with a new high efficiency gas
turbine combined cycle Combined Heat and Power (CHP) plant to tie into the existing
hot water and electric distribution systems The existing electric transmission substation
could handle up to 80 MWe Alternative conceptual designs have been evaluated tfor
proposals as part of USAID Delivery Order 31 — Georgia, Least Cost Development plan

The Tbilisi Combined Heat and Power (CHP) plant Thermal Electric Station (TES) 1s a
significant power generation and distribution site for the city because 1t serves as a
primary substation with 18 feeders to the city grid The feeders supply power to high
priority consumers such as the Parliament building, Ministers Cabinet, opera house,
national stadium, hospitals, schools, banks, etc The present CHP capacity 1s 18 MWe,
and the transmission substation provides 45 MWe to the city grid The total capacity of
the 6 kV City lines and 35 kV gnid lines 1s 80 MWe 1n case that the TES 1s reconstructed
with increased capacity 1n the future

The three existing steam turbines can supply up to 70 MWt of heat (hot water) to four
districts of Tbilisi, Didube, Chuguret:, Mtatsminda and Krtsamisi The existing supply
network 1s comprised of heating and hot water supply systems The network 1s divided
mto two zones of supply and return piping The upper zone supplying Mtatsminda and
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Krtsanis1 districts 1s about 13 km, and the lower zone supplying Didube and Chuguret:
districts 1s about 26 km Pipe sizes are 100, 125, 150, 200, 300, 400 and 500 mm
diameters The heating and hot water supply systems are closed type with intermediate
heat exchangers

Two hot water peaker boilers are 1n poor condition and should be removed They were
designed to supply heat efficiently during very low temperature weather conditions The
boilers seldom operated at more than 50-60% design load with poor efficiency at typical
weather conditions i Georgia In addition, heating of water i a boiler 1s less efficient
than using extraction steam from a power turbine to heat the water Also, the number of
potential solvent heat consumers has been reduced because they installed their own hot
water heating boilers, and disconnected themselves from the network

The piping supply networks are presently i poor condition and much has been out of
service since 1993 At that time heat and water losses were as high as 25% due to
deteriorated msulation and corrosion It 1s certain that further depreciation and damage to
the piping systems has occurred due to both internal and external corrosion It will be
necessary to mspect and repair individual sections of network piping before restoring
supply of hot water to consumers This work can be done 1n steps to meet the heat load of
potential solvent groups of consumers

In order for any of these proposals to be viable projects, there must first be an aggressive
program to complete rehabilitation of the electricity and natural gas distribution systems
1n selected districts Then the electric wiring and natural gas piping must be rehabilitated
and meters must be 1nstalled 1n selected groups of buildings where a majority of residents
are solvent and willing to pay for utility services Some groups of buildings or large
buildings with many apartments should be considered for rehabilitating hot water piping
with meters and installation of hot water boilers

A pilot demonstration project was developed for the Digomu district of Thilis: to 1nstall
electric and natural meters and supply metered geothermal hot water to the central
communal bathhouse There are 18 buildings 1n this district which vary from 5 to 14
floors, with from 60 to 130 flats per bwlding totaling 1283 flats housing about 6000
people The reasons for selecting the Digomu district are the following

Power distribution 1s typical for Thilisi

Gas supply system has been rehabilitated

Representative cross-section of Tbilist population

Dastrict with typical mix of 18 buildings

USAID funded a gas fired hot water boiler mnstallation at the kindergarten

Available geothermal hot water supply which can be expanded

District heating thermal station No 5 m district next to bwldings 1s attractive
investment opportunity for privatizing and rehabilitating
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The design 1s for about 334 electric meters to be installed 1n locked boxes in entrance
areas for metering one, three, fifteen or thirty families per meter Because of the physical
difficulties to change wirmg in many buildings, the new Civil Code requires formation of
Residents Associations for administering and accounting communal payments for groups
of flats Existing meters will remamn 1n apartments for consumers to monitor their
consumption and to settle any disputes about their payments

Separate meters are installed for elevators and some common entrance and hallway
lighting All of the electric meters will have switches to cut off service to non-paying
consumers This will discipline consumers and change their attitudes and consumption
patterns from not caring about how much electricity they are using to giving attention to
saving electricity and money As a result 1t will be possible to guarantee electric power
supply to paying consumers

The plans are to install 483 gas meters 1n flats that do not have meters The communal
bathhouse needs to be repaired and geothermal hot water will be supplied and metered
The design includes gas heaters to be nstalled n 45 single-family flats, 3 in the police
station and 2 1n the communal bathhouse

The detailed design proposal 1s described mn Part II of this report Design and tender
documents were prepared by ArCi Consulting, Ltd 1 Tbilis1 for rehabilitation of electric
wiring and natural gas piping to each apartment and mstallation of electric and gas
meters Contractors were screened and selected and bids were received and evaluated by
Burns and Roe and contracts were ready to be signed to start construction The USAID
Mission 1n Thilis1 canceled the project because of concerns about legal 1ssues related to
Homeowners Associations and common areas specified in the new Civil Code The
Mission was also concerned that there would not be any follow up momtoring of results

The results from this project will provide much valuable information for implementing
metering programs 1n other districts such as

e Equpment and labor costs for metering in different types of buildings
e The effect of less expensive gas supplies on electricity consumption
e If payments for electricity and gas will improve

The Demonstration Zone pilot metering project 1s of special importance to the
government of Georgia and the Municipality because 1t may be the first known project of
its kind and size 1n the CIS that integrates gas and hot water metering as well as electric
metering in the same project This project 1s an important example which lays the
framework for the present ongoing reforms being developed for the accounting and
management systems needed for the monitoring, billing and collection of tanffs for
energy The project will also promote the development of energy management
capabihities and organizational discipline needed for privatization in the energy sector
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There 1s a sigmificant amount of 62-64 C geothermal hot water at 2300 to 2500 m depths
below the city of Tbilis1 that can be utihized for heating of hot water for consumption
USAID funds were used for repair and testing of an existing production well 5-T that
presently supplies about 1900 cu M per day of water to about 3000 apartments in the
Saburtalo District Also, well No 7-T was repatred for monitoring water level of resource
during flow tests ArCi Consulting, Ltd 1 Thilis1 previously prepared a preliminary
design proposal for increasing the capacity and re-injecting the water to prevent
exhausting of the deposit This well could supply hot water to about 40,000 or more
consumers The estimated cost for the re-injection system would be about $2,800,000

There are about eight other existing geothermal hot water wells m Tbilis1 that were drilled
about 15 years ago that could be put nto service to supply hot water to several hundred
thousand people It 1s estimated that about 65 MWt of geothermal hot water supply could
offset about 50,000 tonnes of o1l equivalent per year, which would reduce greenhouse gas
emissions as part of Georgia’s obligation according to the Global Climate Change Treaty
Inspections and assessments would have to be made and designs prepared for supply and
metering of hot water to consumers

A project was completed using USAID funds to nstall a solar hot water system at the
Tbilis1 Burn Hospital to supply as much as 40% of the annual hot water needs for
cleaning, bathing and laundry needs There are many other examples of hospitals,
orphanages, and possibly apartment buildings where solar hot water systems could be
installed to reduce dependence on electrical consumption and expensive imported fossil
fuels There would also be the environmental benefits achieved from these projects

34  Sources of Financing

The possibilities for locating multinational financing for district heating projects m
Georgia at this time are not very optimistic The government has been slow 1n support of
reforms for privatization of the energy sector, for implementing the necessary legal and
accounting control systems necessary for private enterprises to grow and flourish There
1s also the uncertainty about the future of taxation and the kinds of taxes imposed for
production of heat and power

There has yet to be any potential enterprises identified which would be willing to form a
company or jont venture willing to mvest private equity capital in any of the defunct
district heating thermal plants for rehabilitation, re-construction or re-powering The
Tbilist Thermal Electric Station (TES) Combined Heat and Power (CHP) plant 1s
supposed to be 1n the process of privatization as a Joint Stock Company, but in reality 1s
still a government owned facility Another quas: private company Geothermia, Ltd has
been chartered by the government and been given long term leases on some geothermal
wells to operate as a geothermal utility service company to supply hot water to consumers
and collect revenues However, these organizations do not have the private capital to
invest 1n significant equity for obtaining loans, and are still dependent on the government
even for operating expenses Added to this 1s the general economic crisis 1n the whole
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country and the low solvency of the population at large to pay for hot water heat even 1f 1t
was available

The World Bank has a present program called “Municipal Development Plan “ that 1s
funding tasks for developing nstitutional reforms, promoting competition, rehabilitation
projects and maintenance projects

The European Bank for Reconstruction and Development opened a new office i Thilisi
this year (1998) and 1s interested n finding district-heating projects to provide loans It 1s
understood that these loans are private and will require local equity mvestment as well as
foreign partner investments

Another potential source of funding for some of the smaller projects 1s through the United
Nations Development Program, office in Thilis1 The government must request funding
for projects that show improvements in energy efficiency and/or reduce emissions of
greenhouse gases The Global Environmental Fund could finance medium size projects
up to one million dollars

The US Trade Development Agency should be investigated as a possible source of
financing for projects that will promote American goods and services

The German bank KfW will fund proposals and studies for German companies for the
purpose of developing work and trade for German companies

There are many donor orgamzations that may be able to provide funding for smaller
projects such as the hospitals and orphanages for humanitanian reasons
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40 CONCLUSIONS and RECOMMENDATIONS

Almost all of the district-heating thermal stations have been shut down for the past four
years without any technical preservation of boilers and equipment and hot water
distribution piping Most of these plants have deteriorated to the point where 1t 1s not
economical to even consider rehabilitation or rebuilding them It 1s not likely that any
large-scale rehabilitation of district heating can be accomplished any time 1n the near
future, 1f ever It may be possible to economucally rebuild two or three of the stations with
gas turbime or gas engine combined cycle heat and power plants as proposed 1n later parts
of this report, provided that thermal hosts can be contracted and power can be supplied to
the grid

Some of the factors that are disadvantages against major rehabilitation or remstating of
large centralized hot water district heating 1n Thilis1 are

e Relatively mild climate and short winters
Complex terrain requires expenstve technical solutions

e Reconstruction of thermal stations and electrical systems, distribution piping,
consumer buildings mternal piping, metering and control systems will require large
mnvestments

e Pay-back periods for thermal heat only stations would be very long, more than 15
years, compared to less than 5 years for combined heat and power stations

e The cost of thermal energy production for rehabilitated heat-only thermal stations
could be as high as $0 085 to $0 095 per kWh equivalent compared to present electric
tariff of $0 033 per kWh

e Most of population presently use electric, kerosene and wood to heat flats to 15-18 C
(59-64 F) at best n winter (based on personal experiences) and could not afford to
pay for district heat under present economic conditions and annual salaries

e Rehabilitation and reinstating of natural gas supplies and metering will probably be a
more economical solution for heat for the domestic population, erther from
decentralized hot water boilers in multi-flat buildings or individual gas furnaces 1n
some flats

e The refugee problem 1s still putting a drain on the Georgian economy

It has been said that the site property of many of the thermal stations 1s more valuable for
commercial development of shopping malls, modern housing complexes and new
business enterprises If fact, there 1s significant free enterprise growth that 1s occurring 1n
the private sector For example, companies such as British Petroleum, Enron, British
Arrways, and dealerships for Mercedes Benz and BMW, McDonalds Restaurants, etc are
opening offices or facilities in Tbilisi  And yet the supply of electricity during the 1997-
1998 winter i much of the city was only about two hours mn morning and about four
hours m the eveming Also, the power 1s not stable, with voltage spikes and frequency
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swings that damage equipment Almost every business has a generator to operate when
the power 1s out These developments in the private sector should be a message to the
Government of Georgia, that the reforms everyone talks about and work on need to be
expedited to see more rapid privatization in the energy sector Entrepreneurial business
development m the energy sector should be encouraged with the necessary legislation, tax
benefits and positive legal status for contracts and recourse

Some recommendations which have already been repeated many times by many others
for priority action

Implement the Digom1 pilot demonstration metering project described in Part 11

Find funding for rehabilitation of Thilis1 TES district heating supply and metering
Continue rehabilitation projects for hospitals and orphanages

Continue rehabilitation of natural gas distribution and metering

Continue rehabilitation of electrical distribution and metering

Emphasize the importance of legislative and accounting reforms being worked on by
USAID and other orgamizations leading to privatization of the energy sector to
support a free market economy
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1. Introduction

1 1. Initial Situation

Today Georgia 1s 1n a state of deep economic crisis The Power sector 1s the most
critical branch of the National Industry On one hand, 1t 1s one of the reasons for the
economic crisis 1n Georgia, and, on the other hand, due to the economic crisis it
suffers serious problems itself

All Though Georgia has 1ts own resources of fossil fuel, during the soviet period
sufficient attention was not directed toward their exploration and extraction

Since 1992, when Georgia become an independent country, it had to cover almost all
kinds of demands for fuel for the power system by means of purchasing and importing
gas and fuel o1l, paying world market costs However, the rise of purchase costs was
not followed by adequate income from 1ncreased consumption prices In the current
situation most a consumers are not financially capable to cover the costs of consumed
power, gas and thermal energy, and there appeared an inscreasing gap between costs
of actually consumed power and costs covered by consumers Accumulated debts
grew because of the low solvency of power generation enterprises They could not pay
foreign fuel suppliers and thus they reduced power generation or even stopped
functioning

Simultaneous ceasing of all Tbilist (and almost all of Georgia) district heating
systems’ operation i 1993 immediately impacted the power supply system The
situation has become worse after stopping natural gas supply to households 1n 1994 as
a result, the demand for electric power for cooking, and particularly for providing
heating to apartments and offices, was greatly increased

Currently, the increased demand can not be completely met by means of Georgian
power generating enterprises, and 1t results i to adminstrative ways for of power
consumption limitation

In the existing situation rehabilitation of the thermal energy supply will largely reduce
electric power consumption, This 1s an 1ssue of great importance for the purpose of
improvement of whole power sector

Dafficulties experienced by the power sector of Georgia impacts all the rest of national
industries, as availability of power is one of the vital sources for rehabilitation of the
production system for adequately raising the welfare level in Georgia

1.2 Identification of the Problem and Work Methodology

The goal of the report 1s to summarize results of investigations on possibilities of
rehabilitation of centralized thermal energy supply (district heating systems) in
Thilisi, and on seeking alternate suggestions connected with heating supply which



were mvestigated during 1995 to 1998 for scope of work 1n USAID ‘Delivery order
#11° This final report 1s an expansion on, and conclusion of the work which was
performed in USAID ‘Delivery order # 8’

To present an overview of the facilities of district heating systems

To visit Ministries, Departments and Technical Institutes

To look for and become familiar with all reports, studies and assessments
performed by third parties

To prepare a database on current conditions of district thermal stations

To select demonstrative projects among district heating systems and to develop
proposals of their rehabilitation

To select demonstrative projects for existing autonomous heating systems and to
develop proposals for their rehabilitation

To select demonstrative projects and to prepare recommendations on creating new
autonomous heating systems

To work out proposals for utilization of renewable sources of energy

To prepare a pilot project for creating system of proper metering, payment
collection and power consumption control systems

To estimate necessary capital investments needed for implementing all the
developed out proposals and projects, and preparation technical specifications of
necessary equipment and materials

To monztor the transportation, delivery and installation of the necessary equipment
and material during the implementation process of the above mentioned projects




2 Tbilis1 Heat Supply

2 1 Hastorical Data

Until 1961 Thbilist consumers were supplied with heat generated by autonomous
boilers, the total number of which equaled 1000 umits At that time the only source of
centralized heating supply was Tbilis1 Thermal Power Station built i 1938, which 1s
still operating

In the muddle of 1950 an order was given regarding priority development of
centralized heating systems for the city, which gradually replaced the autonomous
boilers

Construction of the first district heating stations (DHS) started 1n 1958 In 1961, with
the start up of the first DHS a new era of monopoly development of centralized
heating systems started, lasting until 1989, when the last DHS # 48 commissioning
took place

By 1989 the structure of Tbilis1 heat supply system was as follows

80% centralized heat supply from DHS,

6%  centralized heat supply from the Tbilis1 Thermal Power Station,
5%  centralized heat supply from industrial thermal stations,

9%  autonomous boiler facilities

Consumers of the centralized heating system were residents of about 6000 blocks of
flats and about 1000 public and administrative buildings The centralized heating
system supplied heat to 83% and hot water to 75% of the city population

1993 was the last year when the district heating stations operated As natural gas
supply stopped, operation of DHS became impossible and the situation 1s still the
same

22 Centrahized Heating System of Thilis
2 2 1 Heat Generation

Until 1993 heat generation for the centralized district heating system was carried out
by 47 district thermal stations the total thermal capacity of which was 4295 MWt
Thermal capacity of separate DHS-s varied from 3 48 MWt to 204 5 MWt Total
number of boiler facilities located at DHS-s equaled 326 units Due to various boiler
damages and lack of stand-by equipment, actual capacity of DHS was about 2930
MW

Average efficiency of small boilers was 65-75%, while that of larger boilers varied
within 80-85%
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The boilers were equipped with gas burners or combined burners which operated
using natural gas or mazut fuel Low capacity steam boilers were used for mazut
heating Steam also was used for water deaeration If there were no steam boilers,
then deaeration was done by means of vacuum pumps Hardness of water used to
compensate losses in the heating piping network was reduced by means of
regeneration with Sodium Chloride

Regulation of boiler facility regimes was performed manually There were no
mnstruments for controlling fuel composition The negative impact of DHS on the
environment was significant due to the noise, Sulfur and Nitrogen Oxide emissions
and Soot While using mazut fuel M-100 (with sulfur composition above 4%) all of
the sulfur was emitted 1nto the atmosphere, as no filters were nstalled

During all of the operating period only minimum maintenance was carried out

After the operation was terminated no conservation measures were taken to preserve
boilers and equipment At present the majority of boiler facilities are 1n such a poor
condition that there 1s no use in rehabilitation Electric equipment 1s almost
completely removed

Numerous attempts to classify DHS according to their technical condition, carried out
by both Georgian specialists and foreign consultants, gave completely contradictory
results This probably means that their technical condition varies sigmficantly and can
be characterized as unsatisfactory (with exception of DHS #48)

2 2 2 Thermal Energy Supply

Thermal energy hot water supply in the Tbilis: centralized district heating system was
performed by means of pipelines of 1166 km length Most of the pipes are laid n
concrete ducts located on 0,7-1,0 m depth under the city streets At the same time
controlling and locking fittings are located in accessible concrete chambers Water
leaks (discharge) possibilities were not foreseen in concrete ducts structure and
according to Georgian specialists water leaks during the operation of pipelines are
collected in ducts Hydraulic tests are necessary to assess condition of piping network

Newer pipelines were laid underground without arrangement of concrete ducts In
such cases bitumen-pearlite thermal msulation of pipes was used For the assessment
of such pipelines condition, excavation works and internal electronic pig and/or TV
mspections should be carried out

Part of the pipes laid on the surface are accessible for mnspection Their thermal
mnsulation 1s 1n very poor condition but the pipes themselves have no signs of
significant damages

Lengths of pipelines from different District Thermal Stations to consumers vary from
4,3 km to 58 km Thermal networks of District Thermal Stations often have




connections with each other Each thermal energy supply network has many loops and
cross connections From one pomnt of view, such type of connections were increasing
the reliability of the heat supply system, but from the other, caused excessive
mactivity m parts of the system

The majority of thermal networks are not equipped with a secondary loop, therefore
hot water 1s directly supplied from District Thermal Station to heating devices of
consumers

Newer networks are equipped with thermal substations with facilities to separate the
primary and secondary loop piping

The relief of Tbilis1 has different elevations which causes additional problems for
arrangement of thermal energy supply networks Difference between elevations was
got over by arrangement of pump stations In case of damage to pumps, excessive
pressure resuited in emergency situations 1n the lower points of thermal energy supply
networks

The heating network was designed to provide a 150°C water in supply piping But the
low quality of locking fittings could not resist the increased pressure at such
temperature and the actual temperature of supplied water was about 90°C

Piping diameter was selected with large spare capacity (from 100 to 700 mm),
because 1t was necessary to transfer significant volumes of low temperature water and
to compensate for leakage

Main sources of leakage were elastic compensators for thermal expansion of piping
and from locking fittings Total water losses 1n all thermal networks of the city were
exceeding 2900 t/hour Consequently, 1f thermal energy losses during generation were
about 18% An additional 20% of thermal energy losses were occurring due to poor
thermal 1nsulation and leakages

Design lhifetime of thermal energy networks was 25 years According to operating
repair schedules, about 45 km of piping had to be renovated each year, but no more
than 10 km were actually repaired

According to the assessment of Georgian specialists, about 300 km of thermal
networks needed complete replacement by 1993 Such assessment must be considered
as underestimated By a factor of at least 2

Thus, considering that expenditures needed for thermal network rehabilitation does

not differ from those needed for comstruction of new ones we must admit that
approximately half of the thermal networks actually do not exist at present

2 2 3 Distribution and Utilization of Thermal Energy

District heating systems in Georgia, as well as 1n other countries of the former Soviet
Union, have been constantly improved According to the government instructions,



such an improvement was intended to reduce the amount of metal used 1n the systems
and the amount of work needed for installation

During the 1960-1es two-pipe heating systems were completely substituted by simple
one-pipe systems Regulating pipe fittings were no longer used 1n most of the heating
systems

In order to reduce the number of heating devices (radiators or convectors) 1n district
heating systems, the government approved increased temperature standards for heat
carrier, though 1n reality such a high temperature had never been achieved

As a result of such improvement the heating systems became so simple, that no
special qualification was were for their installation, no adjustment was needed during
start-up and the only operational problems were leakage

Thus, if we consider that the purpose of the heating system improvements carried out
during the last decades was to reduce 1ts cost to the mimimum, then the purpose has
certainly been achieved

In most cases district heating system piping 1 existing buildings 1s a vertical, one
pipe system with serially connected heating equipment The heat carrier (hot water)
runs through the pipes n the downward direction, from the upper floors to the ground
floor Consequently the heating temperature falls and 1n order to provide homogenous
heating the surface area of heating devices 1s larger at the lower floors Thermal
capacity of heating equipment can not be locally regulated as regulating valves are not
provided

Figure 12 -1

Principal scheme of single-pipe heating system of building
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The above described system does not provide the possibility of consumption metering
1n apartments separately and does not allow to switch off insolvent consumers

About 870,000 citizens of Tbilis1 (83% of the whole population) were consumers of
central district heating system by 1993 70% of total thermal energy, produced by all
district thermal stations, was used for population needs Specific heat consumption
rate for heating of residential buildings was about 90 kWh/m’ /year

About 1,000 administrative and public buildings were also served by district thermal
stations Specific heat consumption rate for them was about 75 kWh/m*/year

Before 1990 prices on heat power were stable - 3 87 RublessMWh (# ) for
population and public institutes and 13 97 RublessMWh (# ) for industrial
enterprises

Heating costs for a middle-level family, occupying about 50m? of heating area, were
about 25 Rubles per year This amount was equal to about 0 3-0 5% of the average
annual mcome of one family In such conditions all consumers actually paid bills for
their heating supply

22 4 Results of stopping the central heat supply system operation

Due to the stopping of the natural gas supply to Georgia, operation of the central heat
supply system was ceased and its consumers were left without heating since 1993-
1994 Consequently, electric power consumption for heating purposes was increased
Electric power consumption by population has reached especially high levels

Tabie 22 4

Electric power consumption in Tbilist (MWh)

Year 1992 1996
Total consumption 1,642,000 00 1,996,000 00
Consumption by population 473,000 00 910,000 00

It 1s clean that any measures with regard to restoration of heating systems will be
helpful for reducing load on the whole power system, which 1itself is 1n a deep crisis

In the process of developing recommendations on rehabilitation of Tbilis1 central
heating system or implementing any other measures to provide thermal energy to
various groups of consumers, 1t should be taken mnto account that the situation in
Georgia differs from any other countries of the former Soviet Union




Ceasing operation of the centralized district heating system resulted 1n a considerably
lower welfare level of the main part of population of Tbilisi But, due to the soft
climate of Georgia, such decrease turned out not to be so catastrophic Heating season
m Thilis1 1s lasting from November 15 until April 15 The coldest month 1s January,
when the average temperature 1s about +1°C For most countries of the former Soviet
Union and Eastern Europe the task of maintaining centralized heat supply system has
no alternatives, as heating 1n such countries 1s as vital as water or power supply

To maintain central the heat supply system, governments of Russia, Ukraine and
Byelorussia had to make a decision about partial funding of population heating costs
from state and local budgets In Baltic States, where actual revenue level of
population 1s considerably higher than 1n Georgia the population 1s able to cover the
cost of centralized heat supply almost completely With regard to Georgia, incomes of
the state, local or family budgets are not expected to increase 1n the nearest future up
to the level, sufficient to cover centralized heating supply costs Consequently, new
solutions of heating system rehabilitation must be found




3 Conclusions and Recommendations on Rehabilitation of
Centralized District Heating System

3.1 Rehabilitation of centralized system for heat supply of
population

One of the main characteristics taken into consideration during evaluation of the
design of a creation of district heating system 1s the value of specific heat load for a
grven district

Assessment of the economic efficiency of centralized heat supply in Western Europe
has shown, that the value of specific heat load > 30 MW/km? can be considered as
favorable This parameter 1s close to the analogous ones being used mn the former
USSR

The situatation, existing 1 Tbilis1 before 1990 was favourable for development of
centralized heat supply systems 47 district heating stations with total actual thermal
capacity of 4245 MWt were under the control of the city enterprise “Tbomeurneoba”,
responsible for centralized heat supply to the city These thermal stations were
providing heat to about 83% of the population and a major part of public buildings
and offices Total amount of thermal energy used by the consumers was 1869 MWt
from this 1273 MWt was used for residential buildings, 545 MW for public buildings
and offices, 19 MWt - for industnal enterprises

Considerable difference between the actual capacity of thermal stations and consumed
capacity resulted from the heat losses Experts of “Tbomeurneoba” considered, that
average losses during the thermal energy generation 1s 18%, and losses during heat
transmission through heating piping 1s 19%

The city system of centralized heat supply provided a territory of 56 km’ area, which
results 1n an average specific heat load (considering total consumption for heating and
hot water supply purposes) — of 33 4 MWt/km’

Considering only the consumption for heating, the spesific heat load was 25,6
MW/km®

According to information from “Tbomeurneoba”, until 1990 about 98% of consumers
were regularly paying for heating and hot water

' Until the 1990 price for heat supply was stable for the population 1t was 10 kop/m®
3 ) per month, which amounted to 50 kop/m® per year (with 5 month heating
period), and 4,2 kop/m® per month 1n case of calculation of monthly expenses from
annual amount

The tanff for hot water until July of 1993 was 60 kop/person per month, assuming a
consumption rate of 130 1/day per person at 55 C°® hot water temperature
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For an average household the annual expenses on centralized heating and hot water
supply until 1990 amounted to less than 1% of annual family income

Analyzing today the situation, which existed 1n the past, 1t 1s necessary to take nto
consideration the influence of the fact of consumers’ solvency on the actual value of
specific heat load

Comparison of results of analysis of household average solvency in Tbilisi (see
Chapter 6 5) with possible value of tariff on thermal energy supply after rehabilitation
of centralized heating system (see Chapter 6 3) shows obvious disparity Financial
capabilities of average statistic household to cover expenses for heat supply are
limited by $100 US per year, while necessary expenses may amount to $455 US per
year

This disparity 1s confirmed by the assessment performed by the State Department of
Statistics, which considers that according to the situation 1n July of 1997, incomes of
65% of population are lower then subsistence minimum level

It 1s clear that present condition of consumers’ solvency abruptly decreases actual
volume of specific heat consumption It 1s natural that with improving general
economic situation in Georgia solvency of population will correspondingly increase,
although 1n the nearest future 1t 1s hard to believe that the favorable conditions for
economically efficient operation of centralized heat supply systems will be created
soon

There may exist an opimion that reasonable way out of this situation will be found by
means of decentralization of heat supply systems Indeed, within the city there are
compact sections with high specific index of heat load But, unfortunately, the fact of
insolvency appears even on the lowest level - 1 e on the level of multi-flat block It 1s
difficult to expect that in a democratic society there exist methods allowing removal
of insolvent consumers from residential buildings and let solvent consumers settle in
these vacant flats In the most prestigeous districts of the city such processes have
already begun in a natural way, but this process covers only a small part of city
territory Investments for modernization of existing heat supply system in multi-flat
residential buildings, which will allow disconnect insolvent consumers from the
common heat supply system amounts to $700-900 US for a medium size flat (50 m’
of living space) At the same time, 1t must be taken into account that 1t 1s necessary to
carry out such modernization 1n all flats, but only part of the consumers will be
solvent m the building Also, 1t must be taken into account that in those multi-flat
residential buildings where the concentration of solvent consumers has been already
performed 1n a natural way, measures for modermzation of heat supply system can be
avoided In this case more stmple modernization option (see Fig 6 2-5) can be used,
but implementation of heat consumption metering 1n flats 1s absolutely essential

Arguments given 1n this chapter mostly belong to the problem of heat supply to the
population, but from this its importance 1s not decreasing, 1e the population 1s the
major consumer of heat So the probability of resolving the problem of heat supply
for the Thihs1 population by means of rehabilitation of centralized heat supply

P




system 1s doubtful 1f rehabilitation of these systems will be carried out according
to Western Standards

The basis for such a conclusion are

e high mvestment costs and correspondingly high price for thermal energy (hot
water)

e low solvency of consumers

o low cost of natural gas becoming available to population

3 2 Possibilities of Rehabilitation of Centrahized Heat Supply
Systems for Heating of the Existing Buildings and Institutions

As 1t has already been mentioned 1n the previous section, the solution of the city
heating problem by means of rehabilitating the centralized heat supply system 1s
connected with serious problems One of the mam obstacles 1s the necessity of
costly modermization of the existing heating systems serving residential buildings
as a result of which 1t will become possible to separate insolvent consumers from
the common network and carry out actual consumption recording for each flat
separately

It 1s not necessary to carry out such modermzation in buildings of institutions and
orgamzations if such a building 1s occupied by one consumer In this case it will be
enough to mstall one calorimeter at the place where the pipe enters the building It 1s
also not necessary to nstall individual regulating equipment on heating facilities as
nstitution employees use 1t to make an economy of heat consumption much less
frequently than in their own flats The central regulation method (from the boiler
room) of heat supply of public buildings 1s effective enough and permats to change the
heating intensity according to weather conditions, also during night and holidays

During recent years many attempts of Georgian as well as foreign specialists to
classify the existing thermal stations in Tbilisi according to their technical feasibility
have provided absolutely controversial results This most probably indicates the lack
of reliable information about the condition of thermal networks, while the main
differences of technical condition of thermo-generating equipment are mimimal and
their general condition (with rare exceptions, e g Thermal Station N 48) can be
described as unsatisfactory

The only actual advantage of some thermal stations 1s a comparatively good location
Data on centralized heat supply system 1n Tbilis1 are attached Analysis of these data
establish at a pnornty of thermal power stations according to the following
characteristic features

e more than 30% of the thermal station heat loads are due to non-residential
buildings,

e the districts served by the thermal stations are 1s characterized by high rated heat
load (MW/km?),



e a great number of non-residential buildings are served by the thermal station
which improves the chances of finding solvent consumers

Thermal stations meeting the above requirements are as follows

Thbilis1 Thermal Electric Station, TSN 6, TSN 8, TSN 10, TSN 19, TSN 25,
TS N30, TSN 36, TS N 47

At present, out of 47 thermal stations, only Tbilis1 Thermal Electric Station 1s
operating Its operation 1s determined by the necessity to generate power, but demand
for heating energy 1s gradually increasing During the heating period of 1996-1997
Thilis1 Thermal Electric Station supplied heating for 42 non-residential buildings of
total heat demand 16 7 MWt Tariff for thermal energy was 35 Lari/GKal (232 US §
per MWh) Tbilist Thermal Electric Station management hopes to receive from the
Ministry of Fuel and Energy exclusive conditions for natural gas supply for 1997-98
winter season (at price $61 5 US per 1000 m®) and relatively high tanffs for electricity
supplied to the national grid ($46 US per MWh) According to calculations of
Georgian scientists this will allow Thilis1 Thermal Electric Station to reduce tariffs on
thermal energy supply down to $17 US per MWh and acquire new consumers

It 1s evident that such low tariffs reflect only short term expenses on generation and
heat supply Tanffs determined in this way do not sufficiently cover expenses needed
for rehabilitation and construction of new thermo-generating umits and thermal
networks

Thermal energy prime cost calculated by the company “Lahmeyer International”
(“Study of Heat Supply in Georgia Based upon Tbilis1 Example) in case of a complete
renewal of centralized heat supply 1n the area served by Thermal Station N 8, taking
into consideration maximum long term expenses, turned out to be much higher than
the current electricity tariffs and amounts about $85-95 US per MWh

Obviously 1t 1s only be possible to establish an acceptable tanff on heating (close to
electricity tariff) only by means of an abrupt reduction of investments This 1s possible
only 1n case of a mmimum distance between consumers and the thermal station,
which means that only mmmum expenses will be needed for the piping system
rehabilitation Thus, the most probable reason for rehabilitation of any thermal station
1s the initiative on the part of a solvent consumer occupying a non-residential building
(or a group of buildings) located near this thermal station

For example, such consumers may be

e for Thermal Station N 10 - the Republican Hospital (1200 beds) and State Medical
Institute,

e for Thermal Station N 19 - The State University,
for Thermal Station N 30 - Municipal Hospital N 1,

e for Thermal Station N 25 - a large medical complex etc




Examlple of such a scenario 1s well demonstrated by the events which took place in
relation with the heating problem of the Parliament building in Tbilist At present,
heating of the Parliament building 1s provided by the Tbilis1 Thermal Electric Station,
although the consumer 1s constantly complaiming about low quality of services, This 1s
caused by a considerable distance between the consumer and the heat supply source
(2300 m) and damaged piping

The best option was found as a result of study of alternatives evaluted by Georgian
specialists It included rehabilitation of Thermal Station N 9 located 200 m away The
rehabilitation program includes dismantling of a part of the equipment inside the
thermal station bwilding and 1nstallation of two new boilers, with 2 9 MW capacity
each, and also replacement of piping Rehabilitation works began in September 1997
Investments were estimated as $400, 000 US According to the estimates provided by
the Georgian specialists generated energy cost would be $34 5 US per MW/h, 1if fuel
o1l will be used for fuel

Further development of the rehabilitation program of Thermal Station N 9 by means
of nstalling additional boilers will be able to provide heat supply to other non-
residential buildings, such as the State Office, Mimstry of Foreign Affairs, Ministry of
Communications, Youth Palace, Supreme Court, First Classic Gymnasium etc

Maximum distance from Thermal Station N 9 1s 400 m

In order to transfer heat from TS N 9 to new consumers, 1t 1s possible to use the
existing heating piping 1n case of partial replacement

In order to use fuel at maximum efficiency, instead of using additional boilers TS N 9,
the thermal station can be equipped with units generating both electricity and heat
Supply of generated energy to the city gnd (through power substation “Sololaki” and
“Mtatsminda™) 1s possible from the place where TS N9 building 1s located While
selecting the type of umits with co-generation, two options were taken mto
consideration gas turbine with a heat recovery boiler or gas engine with a heat
recovery boiler

Option 1 - Thermal Electric Station with a Gas Turbine

The combined scheme of a co-generation thermal electric station involves utilization
of thermal energy of exhaust gases coming from the turbine by means of a water-tube
boiler Keeping i mind that the gas turbine must operate all the year round, its
electric efficiency should be such as to provide heat generation according to the
demand during summer (demand for hot water supply only)

Considering that demand for capacity needed for hot water supply 1s 3 6 MW, , the
facility may consist of a gas turbine of 1 5 MW, with a corresponding heat recovery
boiler In order to cover heat load during winter, the heat recovery boiler must be
equipped with a re-heating system, which permits to increase the heat capacity up to
10-12 MW,,... In this case, two new boilers of 5 8 MWt installed at TS N 9 for

heating of the Parliament building can operate at peak or stand-by regimes



Weak ponts of this option are as follows
o low electric efficiency of gas turbines of 2 MW, 1s 25-26%,

e necessity of additional investments for the installation of a gas pipeline and
compressor station 1n order to inciease natural gas pressure to 12 bar

Option Il - Thermal Electric Station with a Gas Engine

Start up of a thermal electric station with a gas engine 1s much simpler from the
technical point of view as compared to gas turbine thermal electric stations Gas
engines of 2 MW, are especially simple in operation In case of TS N9 two gas
engines of 1 6 MW, capacity can be used Heat generation capacity 1n this case 1s 4
MW,... and can provide basic heating for hot water supply

In winter heat loads can be covered 1n the same way as for the gas turbine option

An additional advantage of gas engines 1s high electric efficiency up to 48%

Taking nto consideration that the same amount of investment - $6 0 million US - 1s
needed for both of these options, the advantages of a thermal electric station with two
gas engines are evident

PY
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Steam boiler DKBP 10/13
Hot-water boiler KBI'M-20
Hot-water boiller KBT'M-30
Fan D-10

Economuzer

Smoke exhauster DH-10
Smoke exhauster DH-17
Forced-draft fan BDH-125
Smoke exhauster DH-17

0 Forced-draft fan BDH-15

11
12
13
14
15

Circulation pump D200-95
Circulation pump TsN-1000
Crrculation pump D200-95
Feeding pump KM 45/55
Water treatment equipment
a) Deaerator V=25m3

b) Cationite filter D=600
¢) Brine tank

16 Mazout facilities
a) Mazout pump 3B-4/25
b) Mazout heater PM-6/25
a) Mazout filters
17 Underground tank for mazout
18 Stacks D=2 0m H=250m
19 Brne pump K20/30
20 Brine tank



Figure 3 2-2

Proposal on partial replacement of equipment m TS-9 for
heating supply to the Parliament building

@ 6000 @ 6000 @ 6000 @
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2 New hot-water boilers of 2% MW power

21 Proposed hot-water boilers of 5-6 MW power
22 New arculation pumps

23 New heat exchangers

1, 2000,

6000

L

e



Figure 3 2-3

Proposal on Installation of Gas Turbine mn TS-9
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2-3 Hot water boilers for rehieving peak thermal loads
4 Gas turbme of | 5 MW electric power and HRSB
of 12 MW power with reheating system



Figure 3 2-4
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Proposal on Installation of Gas Engines m TS-9
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2-3 Hot-water boilers for reheving peak thermal loads
4 Gas engimes of 1 6 MW electric power (each) with
HRSB's of 4 MW thermal power (each)




Table32-1

Data on centralized heat supply system 1n Thilis:

Thermal station Population Public buildings and Industrial | Thermal District
offices enterprises | network

No Actual Area Thous Total load, | Area Total load, | Load, MW | Length, Area m” Total, MW | Total specific

capacity, Thous m’ persons MW Thous m*> | MW km demand,

MW MW/km’

1 2 3 4 5 6 7 8 9 10 11 12

T8-1 8120 267 50 2000 26 33 232 50 24 01 406 34 53 100 54 40 54 40
TS-2 11 60 5180 250 499 47 50 452 435 025 951 3805
TS-3 5220 462 40 34 40 45 36 70 00 673 3813 182 5208 2862
TS-4 1160 192 20 10 80 19 02 90 00 905 1025 060 28 07 46 79
TS8-5 17 40 21700 22 50 23 66 75 00 661 14 50 035 3028 86 50
TS-6 1160 499 60 37 80 49 30 412 50 41 30 771 5110 225 98 37 43 72
TS-7 17 40 156 40 1330 17 28 1750 162 1218 085 18 91 2224
TS-8 8120 399 30 18 80 3550 25220 2552 48 10 115 6102 5306
TS-9 34 80 102 50 910 1148 77 50 7 66 3973 080 19 14 2393
TS-10 40 60 21320 14 20 20 65 20000 19 26 24 28 072 3990 5542
TS-12 8120 500 50 34 00 4779 105 00 1160 499 4] 90 265 64 38 24 29
TS-13 46 40 26500 16 00 24 94 12500 10 90 28 50 085 3584 4217
TS-14 104 40 267 80 16 50 2540 157 50 16 59 3570 100 41 99 4199
TS-16 40 60 6 50 0 60 070 5250 882 1937 1100 176 28 88 16 41
TS-17 133 40 1322 00 78 00 121 80 100 00 1137 487 5568 300 138 04 46 01
TS-18 104 40 61220 33 40 5545 168 80 1554 302 44 72 170 74 01 43 53
TS-19 87 00 320 20 17 90 29 58 42500 3979 36 00 115 69 37 60 32
TS-20 8120 605 80 3580 5591 9250 1079 4570 210 66 70 3176
TS-21 116 00 476 80 24 40 42 57 152 50 15 43 081 3330 150 58 81 3921
TS-22 69 60 198 70 1120 19 49 150 00 16 47 17 52 3823 6 80 5348 7 86
TS-23 121 80 184 50 1110 18 44 80 00 719 232 1168 200 27 96 13 98
TS-24 58 00 108 80 24 20 3074 145 00 14 50 26 60 200 4524 22 62
TS-25 174 00 39370 2230 3596 562 50 54 52 58 04 2130 90 48 3934
TS-26 1160 5580 400 580 4500 418 540 030 998 3325
18 27 11 60 2940 200 302 4250 406 824 020 708 3538
TS-28 92 80 472 50 3270 45 47 177 50 16 47 52 40 150 6194 4130
TS-29 4 64 53 60 310 534 2500 232 829 040 7 66 19 14
TS-30 18 56 118 30 920 12 64 112 50 12 06 058 950 100 2529 2529
TS 31 34 80 154 50 10 60 15 89 87 50 7 89 1725 090 2378 2642

|#




3 6 7 9 10 11 12

TS-32 5800 21230 1570 211 3250 302 2035 090 2413 26 81
TS-33 1160 18 50 150 220 7500 719 400 036 940 26 10
TS-34 312 5410 320 534 1500 129 325 020 662 3312
TS-35 11 60 240 025 034 1500 290 452 536 018 776 43 11
TS-36 8120 204 60 14 60 2018 27500 2552 151 4200 206 4721 2292
TS-37 696 000 10 50 139 572 004 139 34 80
TS-39 580 1890 040 151 40 00 429 430 005 580 116 00
TS-40 1392 2360 220 267 47 50 545 209 1123 052 10 21 19 63
TS-41 2320 204 00 1790 2146 6750 661 18 71 050 28 07 56 14
T8-42 348 000 8 80 082 006 002 082 5491
TS-43 174 00 879 60 5030 80 50 9500 11 48 3000 200 91 99 4599
TS-44 139 20 73940 3990 66 82 93 80 10 67 418 2329 130 81 66 62 82
TS-45 13920 53570 3630 5116 67 50 766 2955 130 58 81 4524
TS-46 139 20 93210 59 80 8770 8750 1009 4500 218 97 79 44 86
T5-47 92 80 183 30 18 50 2134 125 00 1102 2700 060 3236 5394
TS-48 162 40 370 00 37 80 4025 92 50 905 50 68 138 49 30 3572
Total 2927 13287 869 1273 5429 345 78 1166 56 1896 34




4 Autonomous Heating Systems
4 1 Rehabihitation of Existing Autonomous Heat Supply Systems

As the central heat supply to Tbilisi was given priority, the number of autonomous
heat supply systems was reduced to mmmmum by 1990’s

Usually the autonomous boiler houses that provided heating to hospitals were
considered as auxiliary heat supply sources for an emergency situation at the central
system In most cases, health nstitutions (hospitals) were simultaneously consumers
of the central heating system Also, autonomous boiler houses were preserved 1n some
schools and residential houses located i the suburbs of Thilist In 1990 the total
number of houses with autonomous heating systems was about 200, while the total
thermal capacity of these systems equaled approximately 300 MWt

In 1993 the majority of these autonomous heating systems were not operating When
the central heating system stopped supplying heat m 1993, more and more efforts
were made for their rehabilitation, especially for those heating health institutions
Rehabilitation works were mainly funded by international foundations within
humamitarian and technical assistance programs Usually such rehabilitation includes
replacement of depreciated boilers and electrical equipment Boilers used before 1997
were equipped with burners operating on diesel fuel By the end of 1997 preference
was given to boilers using natural gas, which considerably reduced operational costs
of heat supply due to the low cost of natural gas as compared to diesel fuel Average
cost of rehabilitating an existing heat supply system of a hospital 1s $ 50000 - 60000

At present about 50 autonomous heating systems are already rehabilitated and
operating mn Thilist

42 Creation of New Autonomous Heating Systems

Ever since operation of the central heating system stopped, there have been numerous
attempts to create new autonomous heating systems for public and administrative
builldings At present, there are about 100 buwildings 1n Tbilisi which have
autonomous low capacity boilers This number includes 48 schools where nstallation
of autonomous heating systems was funded by the World Bank, within the “Municipal
Service Development Program” in Georgia The capacity of water heating boilers
installed 1n these schools 1s 200-300 kWt each and they have burners for #2 diesel fuel
oil As a rule, such boilers were installed in basements, which, according to the
current safety standards of Georgia, excludes the possibility of using natural gas as a
fuel In future thus serious oversight can be eliminated by installing boilers within
assembled containers 1n a free space next to the building to be heated or on 1ts flat
roof Natural gas fuel will permit reducing operational costs for heating, as prices for
natural gas three times are lower than those for liquud fuel

‘3



Figure 4 1-1

Example of rehabilitation autonomous heating system

Equipment Arrangement Design 1 the Boiler Facilities of Maternity House No 4
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Average cost of equipping schools with autonomous heating systems varies within
‘ $3000- 4000, depending on the need to rehabilitate the existing heat distribution
piping tnside the building

Figure 4 2-1

Proposal on Installation of Boiler Equipment in Assembled Container

N

Legend

I Assembled metal container with dimensions
L=3100mm, W=2600mm, H=2000mm
. 2 Hot-water boilers of 100-300 KW thermal power



Figure 4 2-2

Proposal on Installation of Boiler Equipment inside the Assembling building
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Legend

1, 1 Hot-water boilers of
820 35MW thermal power
2 Circulating pump
3 Heat-exchanger
4 Control board
5 Stack H=24m
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5 Use of Renewable Energy Sources

51 Geothermal Energy

In Thilis1 there 1s a historical tradition of use of thermal water for samtary (bathing
and medical) purposes Up to the present time there exists in Thilisi an old district
known by 1ts hot sulfur baths of healing qualities Reserves of geothermal water were
also observed n other districts of Tbilis1 Geothermal water deposit “Lis1” can be
considered as the most important one, taking into account its water resources and
actual possibilities of geothermal water utilization Hot water from the most
productive well N5 1s supplied to consumers of “Saburtalo” district Flow rate of the
well N5 1s 1900 m® per day of water with 62-64°C temperature, which 1s supphied by
gravity flow through existing piping of 2 km length to the “Saburtalo” district
territory located much lower than well heap On the district territory the geothermal
piping 1s connected with distnibuting piping of District Thermal Stations N 1 and N
32, through which hot water 1s supplied directly to 3000 apartments This geothermal
water supply system 1s not equipped with any metering devices This does not allow
metering of actual water consumption and complicates collection of payment for
consumed hot water

Price of Im’ hot water for population 1s about 0,25 Lar (80,19 US) Thermal
msulation of piping does not exist Because of this, temperature of supplied water
during the wimnter period 1s 35-40°C By 1ts chemical and bacteriologic qualities
geothermal water 1s close to the potable water standards but has unpleasant odour of
hydrogen sulfide (H,S)

The possibilities of operating well N5 by gravity flow through hydrosyphon effect are
studied at present In case of significant increase of well flow rate, The number of
consumers can be increased, but at the same time the whole system must be equipped
with metering devices and 2000 m’ volume accumulating tanks must be installed
According to the preliminary assessment cost of these measures 1s about $650-700
thousand US

Activation of productive well flow rate can cause acceleration of exhaustion of water
resources of the deposit In such case a re-injection system must be created This
system will provide flow of thermal water through heat exchangers and re-injection
of cooled water back into the deposit through another well According to the
preliminary assessment, the possible expenses on creation of a re-injection system
equals $2,5- 2,8 mullion US It 1s obvious that such modermization of the geothermal
water supply system will increase cost of 1m® of hot water up to $1,2-1,3 USer month

Temperature of geothermal water extracted from 2300-2500 m depth will allow its
efficient utilization only for hot water supply Use of geothermal water for heating
will be expedient 1n case of possibility to extract 90°C temperature water According
to the opimion of Georgian specialists 1t 1s possible that at the 4000 m depth there 1s
water with such temperature, but to prove this an observation well must be dnlled



Thus, we can conclude that utilization of existing geothermal wells for the hot water
supply 1n Tbilist 1s an important possibility for saving of fossil fuel and also reduction

of emissions to the atmosphere

Figure 5 1-1

Schematic Drawing of Geothermal Hot Water Supply System with

Activisation of Productive Wells' Flow by Hydrosyphon
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52 Solar Energy

During the Soviet period the interest in development of Solar Energy systems imn
Georgia was Iimited by availability of cheaper fossil fuel and electric power Solar
energy utilization was overviewed as a scientific subject, but not as a practical source
of energy It should be mentioned that current low tanffs on power does not
encourage active the interest directed to this renewable source of energy

Actynometric 1nvestigations, which have been provided in Georgia since 1928,
indicates, that the activity of solar radiation in Georgia 1s not sufficient for economical
and efficient utilization for heating of apartments without use of additional power
sources However, the existing experience shows that even the simplest solar energy
systems of collector type are able to almost totally satisfy demands for hot water
during 8-9 months per year Water heating systems of that type, installed on the flat
roofs of two hospitals (part of a large medical complex 1n Dighomi region) have been
functioning for the recent 15 years

At the beginning of 1998 a new water heating solar system, with flat thermoisolated
collectors of 48 m? area, and a accumulator tank of 4 0 m* volume, was nstalled on
the roof of the Burn Center The project was funded by USAID through a program of
technical assistance to the power sector of Georgia To cover the lack of solar
radiation during days of cloudy weather, the accumulator tank 1s supplied with electric
heaters of 18 KW capacity This system allows 1t to generate annually 6700-7000
KWh thermal energy, and 1s capable of saving (taking into consideration current
electricity  tanff costs, which 1s 0 045 Lari per KWh) about $2500 US per year
Installation costs of a solar energy system of this kind equals to $20000 US (expenses
on repair works of roof hydroisolation and hot water supply pipe system rehabilitation
are not included), or approximately $420 US per m’ area of solar energy collectors In
this system solar energy collectors (without selective cover) of local production were
used with 75% efficiency of conversion of solar radiation into thermal energy

Thus, 1t may be assumed that the raise of costs of energy in Georgia (particularly - for
electric power costs) will cause the development of opportunities for economically
effective solar energy systems

R



Figure 5 2-1

Schematic Drawing of Solar Energy Collector System for Hot Water Supply
to Burns Center
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6. Conclusions and Recommendations on Heating Supply to
Population

6.1. Main Principles of Upgrade of Heat Supply Systems Inside
Buildings

Besides its main function - efficient heating of consumers, inner heat supply system
shall provide the possibility to control heat consumption ntensity and measure actual
thermal power consumption by each consumer The control system for heat
consumption intensity shall be such as to provide the possibility to cut off insolvent
consumers from the common heating system of the building

To dispel possible doubts 1n the necessity of establishing metering system for real heat
consumption, the analogy can be made with the situation 1n the power supply sector
One of the main reasons for the deep crisis in the power sector 1s the absence of a
reliable system for metering power actually consumed by each consumer Obviously 1t
1s necessary to avoid similar situations 1n the heating supply sector

6.2 Possibilities of Heat Supply System Modernization in Buildings
Metering of actual heat consumption

The main condition of a successful implementation of any program regarding the
district heating system efficiency improvement 1s creation of a mechanism for billing
and payment collection according to the actual consumption

The technical basis for such a mechamism i1s installation of heat meters at the heat
supply systems

From the psychological point of view 1t 1s important to conduct metering at the lowest
consumption level, but the existing branching of pipes mn the blocks of flats does not
permit to carry out metering for each flat separately

The most available method to orgamze heat consumption metering in buildings
connected to centralized (district) or decentralized (group) heat supply sources is
installation of heat meters at the place where the heating pipeline enters the building
Expenses for installation of a such meter are within the range of 1000 USD (200 kW)
- 1500 USD (400 kW) per one umit of equipment

If the heat supply system refurbishment 1s limited only to the installation of common
heat meters, then the payment can be apportioned between the apartment owners
(families) only according to the area of each flat Such an apportionment does not
differ from the former practice of heat supply billing and payment and preserves all its
shortcomings It can be stated that the knowledge of heat consumption volume
registered by a common meter 1nstalled at the place where the heating pipeline enters
a block of flats will hardly stimulate the inhabitants to improve thermal insulation of
therr flats and save heat



Figure 6 2-1 .

Upgrading of existing heating systems with heat consumption meters
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K - Meter with a temperature controler,
T - Temperature sensitive element,
& - Distribution meter of evaporative type

If we reject the method of establishing payments according to the flat area and 1nstall
distributing meters of evaporative type on each radiator, thus providing the possibility
to determine exactly how the total heat supply 1s distributed between flats A
distributing meter of evaporative type 1s a meter in which special liquid 1s used which
evaporates depending upon the temperature of racdiator The expenses of meter
mstallation on one radiator are equal to $12-15 US But usage of distributing meters
will create certain injustice, E g the owners of apartments that are located at the end
face of the building will have to pay not only for heating, but also for the unfavorable
location of their flats This shortcoming can be overcome only by means of installing
electronic heat meters on all radiators that are capable to determine the temperature
mside the apartment, but this would be an extremely costly way for the system
refurbishment
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All these methods of refurbishing heat supply systems to buildings have a common
weak point connected with the attempts of the population to tamper with the
equipment nstalled in their flats, especially 1f 1t influences the family budget

We also must expect some dishonest actions on the part of representatives of
corresponding 1nstitutions who will from time to time read distributing meters and
determune amount of heat consumed during the heating season A serious drawback of
the above methods 1s the impossibility to stop supply of heat to msolvent consumers,
separating them from the whole system In order to provide such a possibility, 1t 1s
necessary to reject the one pipe systems and substitute them with two pipe systems

Some problems may arise during the mstallation of two horizontal pipes 1n apartments

mnside the existing buildings, while half inch diameter pipe can be easily installed
along the room perimeter, including under the balcony door thresholds

Figure 6 2 -2

Installation of additional horizontal thermal piping n existing heating systems
(supply of heat carrier from lower point)
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R - Meter with a temperature controller,
T - Temperature sensitive element,
O - Heat exchanger valve,
& - Hot water meter,
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Figure 6 2-3

Installation of additional horizontal thermal piping 1n existing heating systems
(supply of heat carrier from upper point)

It 1s very difficult to determine the average cost of such a reconstruction as these expenses
depend upon the area of apartment and 1ts arrangement For standard three room
apartment of 50 m? heating area (residential area) the reconstruction cost (without
replacement of radiators) will equal 700-900 US $

ROOM

R

T .“A'E. ‘
A
1

R - Meter with a temperature controller,

T - Temperature sensitive element,

® - Heat exchanger valve,
' - Hot water meter,
- == - Sections of piping to be removed




It must be noted that 1n the process of reconstruction of heat supply systems serving
the existing buildings 1t will be necessary to carry out refurbishment 1n all flats, of
both solvent and 1nsolvent consumers This would significantly increase the expenses
per one solvent consumer

While designing the heat supply to new buildings (under construction) its
recommended to reject the former practice of installing vertical pipes

Figure 62 -4

Horizontal two-pipe heating system for new buildings
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R - Meter with a temperature controller,
T - Temperature sensitive element,

®© - Heat exchanger valve,

&' - Hot water meter,

Though water meters n the flats shown on the schemes can not serve as commercial
metering devices of heat consumption, m case of two pipe heating systems, the
readings can be used to establish how total heat registered by meters installed at the
place where the pipe enters the building 1s further distributed between the flats

Two pipe heat supply systems permit not only to stop heat supply to msolvent
consumers by means of a simple valve, but also to regulate heat supply to the whole
flat



System for Control of Heat Consumption Intensity

Possibility of heat supply intensity regulation 1s extremely important, because heat
consumption mside the building continually changes according to the weather
conditions and customers’ requirements

Efficient system of heat supply intensity regulation includes two elements

e Centralized control by means of heat generator (in boiler house or thermal
station),
¢ Individual (radiator) means of regulation

Centralized control provides the prelimmary rough adjustment of heat carrier’s
temperature, depending on weather conditions and individual means of regulation, to
allow to execute more precise correction of heat consumption, depending on actual
heat losses 1n the apartments, as well as on actual heat inputs (solar heat, heat from the
lighting sources and other equipment, heat generation from the human body etc )

Individual means of regulation allows the consumer to regulate the temperature nside
the apartment depending on his own requirements (or financial capability) irrespective
of other consumers or centralized regulation

Individual devices for heat consumption regulation

Individual regulators and heat consumption metering devices 1n the heating systems
should be utilized together If the consumer does not recerve the information about the
actual amount of consumed heat with the help of regulating devices, then he looses
control of heat saving and his own financial expenses From the other side, individual
metering of heat consumption 1s effective only when the consumer has the possibility
to regulate heat consumption according to his own demand

Expenses for istalling individual means of regulation on the heating devices are
mostly determined by the design of the heating system For vertical single-pipe
systems these expenses will be considerably higher than in case of double-pipe
systems

In case of the double-pipe system, simple control valves can be used In case of
vertical single-pipe systems 1t 1s necessary to use more expensive three-way valves
and 1n addition the heating piping shall be provided with a by-pass section Expenses
for such modification will amount to $40-50 US per radiator, under the condition that
the rachators will not be replaced

In case of manual regulation the consumer will often have to adjust the temperature,
depending on the vanation of heat loss and heat supply in the apartment Regulation
quality and energy efficiency in this case depends only on the consumer




Figure 62 -5

Upgrading of existing heating systems with individual devices
for heat consumption regulation

Vertical one pipe system

D~ Three-way valve,

d - Distribution meter of evaporative type

The most efficient regulation of temperature 1n the building 1s achieved by means of
automatic thermostatic valves Thermostatic valves consist of two parts valve and
regulator The regulator contains the thermostat, which has a metal pin When heated
this pin expands and locks the valve, corresponding to the flow of heat carried through
the heat exchanger 1s changed Expenses on the installation of automatic thermostatic



valve and arrangement of bypass section for each radiator may amount to $60-65 US,
on the condition that the radiators will not be replaced

Essential obstacles for the installation of automatic thermostatic valves (besides their
hgh price) 1s their high hydraulic resistance, which can cause deregulation of existing
heating systems

Besides, 1t must be considered that implementation of thermostatic valves 1s justified
in those heating systems which have spare capacity for heat generation

In order to determine possible investment costs requred for optimal measures for
upgrade of consumers’ heating systems, 1t’s reasonable to make references to the

study performed by the company LAHMEYER INTERNATIONAL

Table 6 2 - 1 Investment expenses for for customers

Heated | Number | Sets of connected | Heat 1stribution | Heat meters® | Total
area’ | of flats? | fittings® meters” expenses
(m<) Items Items Thous Items Thous | Items | Thous | Thous
DM DM DM DM
Dwelling 212 000 | 4 240 19080 | 1526,40 | 19080 | 381,60 |0 0,00 1 908,00
houses
Public houses 136 000 5440 435,20 2720 54,40 489,60
and offices
Total number 190 54,50 | 190 304,0 | 304,00
of bulldings 0
Installation 514,92 9,50 |578,92
expenses
Sub-total 3 280,52
10 % added for 328,05
contingency
Total for 3 608,57
Dastrict 8

Y Distribution of heated area for dwelling houses and public buildings and offices was
performed according to the actual situation for the whole district (supply region)

2 Number of flats was determined based on average hving area per flat - 50 m’

% Tt 15 assumed that each flat has on average 4,5 heating radiators, and for offices -
one rachator per 25 m? of heated area

% 50% of public buildings and offices are used by one consumer, so for this part of
buildings 1nstallation of heat distribution meters has not been foreseen

% For each building one heat meter 1s foreseen

Separate prices, m DM ($1=1.62 DM AugusT, |997)

Set of connected fittings Heat distribution meter Heat meter

Materials 80,00 Matenals 20,00 Maternals 1 600,00

Installation 21.00 Installation _2.50 Installation 50.00 .
Total 101,00 Total 22,50 Total 1 650,00



Source LAHMEYER INTERNATIONAL Survey of Heat Supply System 1n Georgia
Based on Tbhilis1 Example By request of Kreditanstalt fur Wiederaufbau August of
1997, page 38 of the Attachment

Determination of investment costs was performed by the company LI for Vake district
n Thilist

Analysis of given data allows us to calculate specific investment cost per 1 m® of
heated area

e for whole district - 6,38 US $/ m?

e for residential buildings - 8,70 US $/ m’

So, investment costs for upgrade of the heating system per one flat with living space
of 50 m* amount to about $435 US

These expenses include

o Part of expenses for installation of one common heat meter on the entrance of
heating pipeline 1n the bulding

o Expenses for installation of automatic thermostatic valves on each radiator in flat
(4-5 items)
Arrangement of piping bypass section for each radiator in flat (4-5 items)
Installation of distribution meters of evaporator type for each radiator 1n flat (4-5
1tems)

If manual three-way valves will be used instead of automatic thermostatic valves, then
mvestment costs per flat will be reduced to 320-340 US §
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6 3 Cost of Thermal Energy and its Price

The purpose of this chapter 1s to determine the possible range of thermal energy prime
cost values, including total expenses for its centralized or decentralized generation,
supply and consumption by consumers

To achieve the above purpose we considerably relied on the results of the “Survey of
Heat Supply System 1n Georgia Based on Tbilist Example” worked out by “Lahmeyer
International” at the request of “Kreditastalt fur Wiederaufbau” (The final version of
this report 1s dated as of August 1997)

In this substantial report the company “Lahmeyer International” studies alternative
options of centralized (district) and decentralized (grouped) heat supply to two Tbilisi
districts

Summary results of prime cost calculation for heat supply (production - supply -
consumption of heat energy) to Vake residential district (the district 1s served by
Thermal Station N8) and Digomn residential district (the district 1s served by Thermal
Station N48) are given 1n the Tables below

Table 63 -1 Dynamic Prime Cost (Production Cost) for Supplying
District No 8 in DM per kWh (Percentage Rate 10%)

N Description of the Option Price of Electricity Supplied to
the Grid (in tetries per kWh)

1¢2.0M = $1 August, 1997 Basic | 40 | 50 T 60

1 | Central supply from the site of the former thermal
station by means of two boilers, 15 MWtiherm | 14295 | 146 40 | 149 86 | 153 31
each

2 | Central supply by means of constructing a new
thermal electric station at the former boiler room 17798 | 17003 | 16209 | 154 14
site gas turbine of 3 3 MWtg| connected to a heat
recovery-boiler with an additional heating capacity
of 15 Mwttherm, also two reserve boilers of 15
MWtiherm capacity

3 | Central supply by means of constructing a new 18318 | 17276 | 16235 | 15193
thermal electric station at the former boiler room
site gas turbine of 3 9 MWtg| connected to a heat-
recovery boiler with an additional heating capacity
of 30 MWttherm, also two reserve boilers of 15
MWtiherm capacity

4 | Central supply by means of constructing a new 18146 | 16687 | 15229 | 1377
thermal electric station at the former boiler room
site gas engine facility of 3 x 1 6 MWtg| with two
peak boilers of 12 MWtiherm capacity each

5 | Decentralized heat supply by means of installing 17 | 15237 | 15576 | 159 16 | 162 56
new boiler stations with 30 container modules of 1
MWttherm capacity each for supplying different areps




In the main (basic) option (price of electricity supplied to the common gnd - 3 tetries
per kWh) rated cost for District No 8 varies from 143 DM per MW-hour to 183 DM
per MW-hour It can be seen that 1n case of centralized heat generation by two boilers
of 15 MWt capacity each, installed 1n the existing building, lower prime cost 1s
expected (143 DM per MW-hour) than that of decentralized heat supply by means of
17 small boilers (152 DM per MW-hour) The estimated prime cost (production cost)
includes refurbishment of a considerable part of the existing distribution network and

all works to be carried out in the buildings

Table 6 3 -2 Dynamic Prime Cost (Production Cost) for Supplyng
District No 48 in DM per kWh (Percentage Rate 10%)

N Option Description Price of Electricity Supphed to the

Grid (an tetries per kWh)

Basic 40 50 60
1,62 DM = $1 August, 1997 20

1 | Central supply from the site of the former thermal

boilers

station by means of two restored hot water | 8536 8741 8947 | 9153

2 | Central supply by means of a thermal electric

boiler gas turbine of 6 4 MWt| connected to a
heat recovery-boiler of 38 MWtiherm

station, also restoration of one reserve/peak 12547 { 11381 | 10215 | 9049

3 | Central supply by means of a thermal electric

boiler gas engine facilities of 7 2 Mwt,|, also
two peak boiler of 15 MWttherm

station, also restoration of one reserve/peak 12719 | 11481 | 10243 | 9006

4 | Decentralized heat supply from the existing

permanent boiler stations of total capacity 38
MWttherm

substations at the former boiler room site § 96 53 98 93 10133 | 10373

5 | Decentralized heat supply from the site of

mobile heating boiler stations, total number of
modules 19 with 2 MWitierm capacity each

existing substations at the former boiler room 8 %0 70 93 10 9550 97 89

In the main (basic) option (price of electricity supplied to the common grid 3 tetries
per kV/h) rated cost for Dastrict No 48 varies between 85 DM per MW-hour and 127
DM per MW-hour It can be seen that the prime cost 1s the lowest in case of
centralized heat production in the existing boiler rooms The next option 1s
decentralized heat supply from 8 substations As needed investment 1s lower for
mobile facilities than for the permanently installed ones, the prime cost of Option 5
(91 DM per MW-hour) 1s lower as compared to the prime cost of Option 4 (97 DM
per MW-hour)

Prime cost of heat generated at District Station No 48 1s lower by 60 DM per MW-
hour than that for District Station No 8 An important reason for the lower cost 1s the



existence of a distribution network that can be partially used in future As a result, in
the prime cost for District No 48 capital expenditure for the distribution system
equals 14 DM per MW-hour as compared to 46 DM per MW-hour for District No 8
As for heat generating facilities in ThS No 48, the feasibility of their rehabilitation 1s
better here than in ThS No 8 area Rated capital expenditure for heat generation n
ThS No 48 1s lower by 20 DM per MW-hour

In our opinion a set of measures provided for during the prime cost estimation of heat
supply from ThS No 8, 1s the most characteristic for the general situation in Tbilisi
Though, as expected, prime cost of heat supply to this area turned out to be very high

It must be noted here that heat supply restoration mm Georgia 1s a measure which
will directly reduce electric power consumption Though if consumers are
offered heating for a price higher than the electricity price, electricity
consumption will not drop Proceeding from this judgment 1t 1s reasonable to review
the prime cost of heat supply only for ThS No 48, which however 1s also high enough

Thus, taking 1nto account the nevitable rise of electricity prices, the average value of
central or individual (grouped) heat supply in favorable conditions can be about 90
DM per MWh (55 4 US § per MWh)

Bearing in the mind current VAT rates (20%) in Georgia, the heating energy tariff
will amount to not less than 60 US$ per MWh

As 1t has already been mentioned, such a tarnf can be efficient only 1if the existing
electricity tariff (34 8 US $§ per Mwh) will correspondingly increase almost two times

6 4. Nominal Heat Consumption by Households in Thihsi

While estimating the minimum demand of heat supply to appartments which still have
central heating, 1t 1s considered that in the nearest future 1t will be impossible to
increase saving of thermal energy by means of improvement of thermal insulation of
houses

Considering the chimate conditions in Thbilist (maximum range from -8°C air
temperature outside, +18°C temperature inside buildings), the rate used 1n assessing
average amount of heat needed for heating appartments was 70 W/m’ (not including
heat needed for hot water supply) Lower rate was taken for buildings built after 1985
- 66 W/m® In our opinion these rates do not correspond to the present condition of
buildings

Inspection of buildings and mquiry of Georgian specialists proves that the following
factors should be considered when estimating thermal msulation properties of
buildings

e Worsening of thermal insulation properties caused by the fact that the construction
standards were not followed during the construction,

\
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e Worsening of thermal insulation properties caused by the fact that the
corresponding maintenance was not carried out,

e Expansion of the heated area of appartments by means of their reconstruction -
building additional logias and balconies, the outer walls of which do not conform
with the thermal msulation requirements

The most cautious estimates show that the influence of the above factors on thermal
mnsulation properties of builldings may result 1n the increase of average amount of heat
needed for heating to 80-85 W/m’

Our opmion 1s that one can not expect that the average heat consumption will fall
below 70 W/m? (not mcluding hot water supply) as a result of carrying out measures
for heat regulation 1n appartments and arranging mechamsm of payment collection
for consumed heat supply

According to the former USSR standards, the heating season duration 1n Tbilis1 (from
November 15 till April 15 of the next year) was calculated based upon the expected

low temperature hours

Table 6 4-1 Standards on Number of Heating Hours

Temperature Range -14 9 99 -49 +01 +51 Total
-100 -5 0 +50 +80
Number of Heating Hours 10 73 552 1649 | 1364 | 3648

Considering the nominal demand of thermal energy and heating season duration 1t 1s
possible to calculate average annual heat consumpiton by a particular consumer

Table 64 -2 Heat Consumtion Data

Heat Consumption 80 W/m’ of residential area

Heating Season November 15 till Apnil 15

Number of Full Load Hours | 1897 (3648 x 0 52)°

Annual Heat Consumption 151 8 kWh per m’

") Here we used coefficient 0 52 to calculate number of Full Load Hours from
total number of heating hours per year

Concequently 1n order to heat one flat with 50 m’ residential area (heated area)
average annual heat consumption needed for heating equals 7 59 MWh

It 15 possible to calculate monthly and annual needs for heating of 50 m? appartments
using the former thermal energy tarrifs for a case of centralised district heating system
rehabilitation

Table 6 4 -3 Annual and Monthly Expenditure for an Average Statistical
Household

Annual Expenditure | 60 USS$ x 7 59 Mwh = 455 4 US$
Monthly Expenditure 4554US$ 12=3795US$




6 5 Solvency of Households 1n Thilisi

Official statistical information about family income 1n Thilis1 permits us to determine
the level of expenses which the population 1s ready to spend for its requirements,
including heat supply

It must be noted that the available official information regarding the social condition
of the population 1s often inconsistent and sometimes controversial

The given analysis 1s based upon published information, obtained by means of inquiry
carried out by the State Statistical Department, The Conjuncture Research Center,
Research Institute of Social Opinion and Oxford Research International from 1995 to
1997

All the inquiry results proves, that the population income grows but 1s still at a very
low level A substantial part of family income consists of random mcome, including
funds obtained from selling personal property

According to the Conjuncture Research Center data, during the period from June 1995
untill June 1996, actual average income growth of Tbilis1 population equaled 200%
1e that an average mcome of a family of 3 7 members (average number of family
members 1n Tbilis1) equaled 232 US § The share of non-monetary income 1s about
7% of the above number

Table 6 5 -1 Average Monetary and Non-monetary income i Thilis1 in 1995-96

Average Income (US §) Median Income (US §)
1996 1995 1996 1995
One household 23240 7510 118 20 3090
Per capita 70 00 2610 39 60 10 60
Self estimate of the
amount needed per capita 569 92 136 00 400 00 75 00

Source Conjuncture Research Center

Though 1t must be noted that in 1996 the average median family income was only 118
USS$, which means that income distribution 1s extremely uneven between different
population groups

In Thihis1 about 10% of rather well-off families has about 43 1% of total income
while 10% of the poorest families have only 9% of total income

Table 6 5 -2 Income Distribution in 1995-96

Decilar group 1 2 314 (56| 7 8 9 10
Share 1n total
mncome % 09|18 128(39{53|71|88}| 1151148431
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According to the State Statistical Department Gin’s Index - statistical measure of
inequality from 0 (equal distribution) to 10 (absolute inequality) - dropped from 0 58
to 0 53 It must be noted, that in 1993 Gin’s Index was 0 35, while in 1994 - 052 In
the previous years the mequality was less conspicious and mainly caused by non-
monetary privileges, such as availability of products and services It 1s clear, that the
situation considerably worsened with the devastation of the state Such an uneven
mcome distribution will hinder economic and political development and we hope that
m 1995 1t reached the peak

In March 1997 the subsistence level estimated by the State Statistical Department on
the basis of the 2500 calorie product basket equaled 106 7 laries ($83 US) The same
index for a four person family was 187 2 laries ($145 US)

According to the research carried out by the State Statistical Department, i the first
quarter of 1997 the mcome of 57% of Tbilis1 population was below the subsistence
level In 1995 the this index equaled 70%

For our analysis data regarding the expense distribution of the population 1s the most

important

Figure 6 5-1 Average Household Expenses of the Population Summer 1996
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2%
ommunal services
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Clothes 7% 5%
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Source The State Department of Statistics DomesticExpenses Survey



Figure 6 5-2 Median Household Expense Categories EDI (Tbilis1 State
University Survey)
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Source EDI, ThilisiState University

If we take mto consideration that due to the extremely low average level of the
population’s mcome, people have to spend therr money at once to cover their
immediate needs, then 1t can be assumed that the average income of the population
equals average expenses This assumption enables us to estimate expenses of an
average Tbilis1 family for electricity supply and heating m 1996 as $4 65 - $59 US
per month (2% of average ncome - total $232 4 US, 5% of medial income - total
$1182US)1e $558 - 70 8 US per year

If we assume that half of total expenses for heating and electricity 1s spent by
households on heating during four coldest months of the year, then average monthly
expenses on heating will amount to $70-8 75 US §

In order to check the obtained data, we carried out an inquiry in November 1997 As a
result 1t was established that an average statistical family of four members lives 1n an
apartment of 50 m*> The most widespread methods of heating apartments are
electric heaters, kerosene heaters and wood stoves The total capacity of electric
heaters used to heat one average flat (50 m®) 1s 2-5 kW The upper limit 1s
determined by the capacity of the existing electric wiring of 15 -2 5 mm* cross-
section During winter the population 1s supplied with electricity only during 5-8
hours instead of 24 hours This time 1s not enough to heat the whole apartment by
means of electric heaters

Thermal capacity of kerosene heaters equals 1 5 -2 5 kW As a rule such a heater can
additionally heat only part of the flat - 20 - 25 m* Average consumption of kerosene
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1s 1 5-2 5 Inters per day If the cost of one liter kerosene 1s about 0 3 laries, monthly
expenditure 1s $13 5-22 5US

The majority of the population does not pay for consumed electricity During the
inquiry 1t became impossible to establish the share of the population that does not pay
for consumed electricity as people refused to answer this question Usually the
temperature 1 heated rooms 1s no higher than 18°C but extremely low incomes do not
permit to increase heating expenses Thus the research results show that average
heating expenses of Thilist families exceed the official statistical indices three times
but still remain extremely low and amount no more than 100 US$ per year

This conclusion allows us to state that solvency of households in Georgia during
short-term period will not be high enough to cover family expenses on heating by
means of traditional district heating system



6 6 Individual Heating Systems for Population

In June 1993 the supply of natural gas to Georgia was extremely reduced The himited
emergency reserves of mazut kept 1n the reservoirs of thermal stations were withdrew and
distributed to the Bread Plants Starting from winter 1993-1994 the main part of Tbilisi
population (about 80%) was left without heating

In the above mentioned situation the population started to use, first of all, electric heaters,
which were available 1n each family as people often used to switch them on even when the
central district heating systems were functioning The capacity of the existed electric
heaters was not sufficient and people started to extend the number of the heaters for their
residences Thus the power supply lines were overloaded and the population began to
provide additional electric lines to their apartments As usual the additional electric lines
were switched primarily to the switch-gears of living house blocks, bypassing the meters,
which are mstalled 1 each apartment, as the above mentioned meters are designed for
lower power supply, of about 5-17 A However, the main reason for bypassing the meters
was the tendency of the population to avoid payment for consumed electricity

In 1994 the gas supply to the population was cut completely, and there appeared new
demand on the electric power for cooking

The city electric system, which functioned n the limited conditions was overloaded and
could not overcome the further extension of consumed electnicity Day by day the existing
transformers were damaged, switching gears and cables very destroyed It should be taken
mto consideration that these events took place in parallel with reduction of power
generation 1n Georgia Since 1994, i winter , when the deficiency of electric power 1s
maximal, the supply of the power to Tbilist 1s limited to 6-8 hours a day

The population began to use wood and kerosene heaters for heating their flats Because of
low income, heating of only small spaces were possible Living rooms were used as
kitchens

Most of the living houses are not equipped with special piping for exhaust of stoves The
pollution was directed out through the windows

Since 1996-1997 supply of the city with wood and kerosene has been improved and better
control of wood cutting was orgamzed, as in previous years the population used to cut
wood around the city and, sometimes, even n the parks inside the city

Nowadays the majority of people prefer to use kerosene heaters Supply of kerosene 1s
much better 1 Iiter of kerosene costs about $0,27-0 35 US The thermal capacity of
existing kerosene heaters varies from 1,0 kW to 4,5 kW The most popular are the South-
Korean heaters of about 2,5 kW, the price of which 1s $80-90 US Such kerosene heaters
are able to heat a living room of about 25 sqm consuming average 3 liters per day (for
day-time only) The efficiency of the South-Korean kerosene heaters 1s maximal but,
because exhaust gases from burning are collecting in the heated rooms, 1t’s need to be
refreshed periodically
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Perspective of Utihization of Individual Heating Devices

The main changes 1n problem of heating are related with restoration of the natural gas
supply to Georgia Since 1996 consequent rehabilitation of existing gas supply system has
been provided in Thilisi, but the process 1s developing very slowly Only 25 000
households are getting natural gas for recent two years, that 1s 7,5 - 8,0 % of the city
population The gas system rehabilitation 1s provided by the municipal enterprise
“TBILGASI” The funding of the works 1s included in the municipal budget of Tbilisi
Two ways of paying for consumed gas 1s offered to the population

o rated - 3,5 $US per month per each family member
o actual - according to the gas meter, about 0 13 $US per cub m

The cost of installation per each meter 1s about $90-100 US

In November-December 1997 the population of Dighomi (one of Tbilis1 districts) was
interviewed, as the natural gas supply has been restored there since 1996 Out of 366
interviewed households 37 prefer the installation of meters and pay according to 1ts
indications, 227 prefer to pay rated payment for gas, 102 deny the gas supply at all The
results idicate the low solvency of population 1n Georgia

Those who prefer the installation of meters (10% of population) belong to comparably
well-supported households They can pay for installation of meters and thus get the
possibility to consume or save gas according to their demands The natural gas expenses
for average s1ze family paying according to meter amounts about $4-5 US per month

The households who cannot pay for installation of meters would have to pay extended cost
of gas, as rated The rated cost of natural gas for average family 1s 14 $US per month

Remaining part of households (38% of the interviewed population) 1s not able to pay
monthly gas payment at all

The mterview results showed that all the households who get natural gas, do use 1t for
cooking and for heating as well It should be noted that heating by gas allows to save
money not only to households that pay according to meter readings, but also to households
that pay rated amount When one pays according to the gas meter indications, he/she
saves money on heating of flat, because heating by gas 1s much cheaper than heating
by means of kerosene heaters Gas 1s 2-2 5§ times cheaper than amount of kerosene
with the same thermal capacity (with account of prices for December 1997) If one
pays the rated payment for natural gas, monthly expenses for gas are 3-3,5 times
more, than 1 previous case But in this case consumer can burn unlimited amount of
gas

Heating rooms by means of gas stoves, as 1n case of kerosene heaters, cause pollution of
air inside flats Though the pollution 1s less harmful for health, heating of flats with use of
gas stoves 1s unacceptable from hygienic point of view and the efficiency of heating 1s
lower due to inconvenient location of kitchen mnside the flat (from heating point of view)
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Measures for Rehabilitation of Heating Systems in Apartments ‘

Restoration of natural gas supply to the population opens new possibilities of using
autonomous heating devices

Autonomous heating systems are specially designed to provide the possibility of reducing
gas consumption They are installed directly inside the space to be heated and have direct
connection with the atmosphere

Those heating devices that use gas for fuel and not require vertical exhaust duct must be

spectally noted

Figure 6 6 -1

Design scheme of individual gas heater
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In the lower part this kind of heater has metal carcass-heater (1) equipped with a pipe
mjector burner (2), which is supplied with air required for combustion directly from
the outside, through a special opening 1n the wall (3) Hot gases from the burner go
through the carcass-heater upwards, then over the partition (4) located 1n the casing,
then down and after emitting the heat through the walls of the carcass-heater, arre
exhausted outside through an opeming (5) Air required for combustion gets into the
heater and then the combustion products are blown out 1nto the atmosphere through
the same grid, closed with anti-wind flap (6), due to which wind has almost no
influence on the gas burning process The top of the device 1s covered with a metal
protective housing (7) so that there 1s space left between the cover and the carcass-
heater, passing through which the air 1s heated by contacting the hot surfaces Some
gas heater models are equipped with fans which intensify heat transfer

Generally heat transfer of the devices 1s regulated automatically by means of simple
bi-metal or manual position regulators

Efficiency of gas heaters with exhaust ducts for exhausting out combustion products
1s about 80% If capacity equals 2-5 kW, natural gas consumption 1s 0 11 - 013
m’hour/kW At current gas taniffs - 0 17 lar/m’ (= 0 13 US$/m’) - the thermal energy
price will be 19 -2 2 tetr’kW h (1 5 - 1 7 US$/kWh), 1e twice lower than in case of
using thermal energy from kerosene stoves

Installation of Heating Devices in the Existing Flats

It 1s convenient to install autonomous gas heaters simultaneously with the
rehabilitation of Thilist gas supply systems

The gas supply system actually mcludes all residential districts of Thilis1 (except two
new residential districts Gldam and Didi Digomi) Gas has not been supplied to the
population during the last four years due to a dramatic reduction of natural gas import
to Georgia Since the end of 1996 natural gas import to Georgia has become more or
less stable, which allowed to renew gas supply to some residential districts

By the beginning of 1998 gas supply systems that provide gas to 25 000 households in
Tbilis1 have been rehabilitated and are currently operating

In blocks of flats gas 1s usually used only for kitchen cooking stoves However results
of interviews revealed that kitchen gas stoves are often used as heaters

Gas 1s supplied to the flats by means of vertical gas piping, which ordinarily passes in
the kitchens

The gas supply system rehabilitation, which 1s now being carried out by the Tbilis
municipality, includes installation of gas meters The whole process 1s slowed down
due to the fact that apartment owners have to pay for the mstallation of meters (90-



100 US $) Under these conditions only 10-12% of apartment owners agree to mnstall gas
meters

It 1s recommended to install gas heaters only in the flats that are already equipped with
gas meters The gas meters which are being installed in the flats can measure gas ‘
consumption up to 6 m3/h If we take into consideration that the maximum gas

consumption by cooking stoves equals 1 2-1 4 m3/h, 1t 1s evident that one gas meter can

measure additional gas consumption required for gas heaters

Figure 6 6-2

4 1200m2 L

I Existing vertical gas piping, 2 Gas meter, 3 Gas heater,
4 New horizontal gas piping, 5 New vertical gas piping

7



The Figure 6 3-1 shows the scheme of gas heaters installation 1n a typical 3 room
apartment The dimensions of 2-5 kW capacity heaters permit their installation under
the window seals, instead of the existing water radiators

Gas will be provided to the heaters using the traditional method - steel gas pipes of
small diameter

For convemence of installation 1t 1s recommended to use copper pipes with thin walls
(which are widely used mn Georgia in oxygen systems of hospitals) and also plastic
ptpes For those systems where there 1s little distance between the existing vertical gas
pipes and heating devises, 1t 1s possible to use elastic hoses which are currently used
for providing gas from propane tanks to cooking stoves

For those systems where there 1s considerable distance between the existing vertical
gas pipes and heating devises, 1t may be necessary to install new external vertical
pipes In this case 1t 1s necessary to consider the necessity of installing an additional
gas meter 1 the apartment The cost of a gas heating system of 2-5 kW capacity
(including 1nstallation costs) equals 250-350 US $

Installation of 10000 heating devises can reduce the consumption of electricity during
the winter period by amount for generation of which a 25 000 - 35 000 kW capacity
power station 1s needed Construction of such a power station would cost 25-35
million US § While the amount necessary for purchase and installation of 10000
heaters 15 ten times lower Low cost of natural gas (1 3 US $/m’) as compared to the
current electricity tariffs (0 35 US $/kW h) and kerosene prices (0 30 US $/liter) allow
to reduce money spent by the population on heating about 1 5 -2 times

Wide usage of autonomous gas heaters will significantly help to solve the problem of
heating the population
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1. General
11 Introduction

Power Sector crisis in Georgia 1s partly caused by low level of payment collection for
consumed electricity This problem 1s especially tough 1n connection with payment for power
supply to population

By the end of 1997 the power consumption has sharply increased due to use of electric
heaters for heating of apartments The real paid consumption equals to 20% of actual power
consumption

Taking into consideration that current tariffs on electric power do not cover the power
generation costs, the negative impact of low level of payment for consumed power on the
whole power sector of Georgia becomes obvious Thus, even millions of dollars of loans
invested nto Georgian Power Section for recent years can not improve the critical situation
much

It’s obvious that 1n the existing situation, the efforts should be concentrated on improving the
power distribution system as well, taking nto consideration 1ts structural reforms and
technical modernization

Gas supply system rehabilitation 1s one of the important activities that significantly facilitate
overcome of the power crisis In the process of rehabilitation of gas supply to population 1t 1s
very 1mportant to create reliable system for metering of actual consumption, which wall
allow to avoid complications in interrelationships with consumers Wide utilisation of natural
gas by various consumers will significantly reduce the consumption of the deficient electric
power

In favourable conditions, the usage of renewable power (solar, wind, geothermal power etc )
sources can be effective as well

12 Imitial Situation - Background

The existing system of communal services provided to Tbilis1 population 1s typical for whole
Georgia

Electric power distribution on whole terntory of Tbilisi 1s provided by the Municipal
Enterprise “Telast” The monopolization of Tbilis1 power system by “Telasi” creates
obstacles for implementation of efficient system of gradual power distribution and payment
collection for consumed power “Telas1” controls the reading of existing meters and collects
money 1n cash by means of payment collectors Power distribution systems are not equiped
with reliable means to control work of payment collectors Thus, 1llegal agreement with
consumers may take place while reading meters or record keeping by collectors Confidential
interviewing of population showed the evidence of corruption in the power distribution
system Curently the Government 1s discussing privatization of “Telas1”, but terms are not

announced yet



Natural gas distribution 1s provided by Joint Stock Company “Tbilgaz:” Rehabilitation of the
system has been started since the long 1dle period At present gas supply has already been
restored approximately to 25 000 households, that 1s 8%-9% of Tbilis1 population

Existing gas distribution system 1s not equipped with metering devices 1 apartments This
fault 1s partly being improved 1n the rehabilitation process, but, as the metering device
installation costs are to be covered by population, only 10-12% households are able and
agree to pay for installation of gas meters in their apartments The rest of the households pay
rated monthly payments for consumed gas No problems has been raised 1n the relationship
between the households with meters and “Tbilgazi” As to those who pay rated payments, to
the opimon of “Thilgazi”, in winter period consumers are using more gas compared with
rated amount Thus, this difference 1s not measured and 1s not paid Interviewing of the
population didn’t reveal any illegal relationships between “Tbilgaz1” and the consumers
Privatization of the Joint Stock Company “Tbilgazi” 1s planned to be made in Spring 1998

Centralized Heat Supply to Tbiliss was provided by thhe Mumcipal Enterprise
“Tbomeurneoba” Recent years centralized district heating system was not operating and
probably will not work at least for nearest future It should be taken into consideration that in
most districts the heating system couldn’t be rehabilitated and 1t’s necessary to find some
other operational functions for those boiler houses and thermal stations The issue of
“Tbomeurneoba” privatization 1s not considered yet

Centralized fresh water supply of Tbilist 1s provided by the Municipal Enterprise
“Thultskhalkanali” Water supply costs are covered by population according to standard rates
Established water consumption rate per consumer 1s very high, as 1t includes existing losses
of whole water supply system of Tbilis1 The 1ssue of “Thiltskhalkanali” privatization has not
been raised yet

13 Identification of the Problem and Methodology

The aim of the present study 1s to figure out necessary measures for improving the
relationships between consumers and communal services

Initial analysis of the problem confirms tight interrelations between different components of
the task, e g

Equipping of the power distribution systems by metering devices for the reliable accounting
of actual power consumption will be defimitely opposed by problems of low solvency of
consumers It will be a mistake to make consumers with low solvency to use the most
expensive and deficient power source for their needs Thus, in order to save population from
poverty and provide mmmimum level of comfort 1t 1s necessary to supply population with
additional comparably cheaper fuel - natural gas However, 1n this case the following may
happen gas supply may provoke population to use gas stoves in kitchens for apartment
heating purposes, which cannot be accepted from hygienic pomnt of view To overlook this
problem accessible, secure heating facilities should be suggested to population

(



Listing of task components’ interrelationship examples may be continued, but the arguments
given above are enough to understand the necessity of complex solution of the problem
Thus, program of the study contains the following technical components

o Selection of measures for modermzation of existing power distribution system 1n a block
of flats, providing reliable metering of actual power consumption and advantageous
conditions of power supply to consumers, who cover completely payments for power
consumed by them

e Selection of measures for modernization of existing gas distribution systems 1n a block of
flats, providing reliable metering of actual gas consumption and payment collection

o Selection of measures for existing heat distribution system modermization 1n a block of
flats, providing rehiable metering of actual heat consumption and payment collection

e Selection of measures for existing water (both cold and hot water) supply system
modernization 1n a block of flats, providing reliable metering of actual water consumption
and payment collection

Institutional component of the program includes working out recommendations for creating
lower level self-managing entities like an associations of apartment owners in a block of flats
This kind of self-managing units are included 1n the new Civil Code of Georgia

Implementation of the whole complex of measures in accordance with the recommendations
of the above mentioned study would allow to clarify the following important questions

e What capital costs are necessary for complex modermzation of techmcal infrastructure of
different kind blocks of flats?

¢ How does the natural gas supply impact power consumption by households?
How well will be improved the payment system for consumed power and gas?

e How will the better communal services impact apartment market prices, etc

Analysis of obtamed results will help to determine optimal forms and sources of financial
support necessary for implementation of wide-scale programs of this type in Georgia

14 Selection of the Region for Investigation

On the basis of comparing different regions of Tbilisi, Dighomu district, block 2 was selected
as the territory for complex study The selected territory 1s called “Demonstrative Zone” 1n
the present report

The selected territory 1s characterized by the following features

Power distribution grid of this territory 1s typical to Tbilis1 system in total
Gas supply system 1s already rehabilitated on the territory
Solvency level of the population living on the territory corresponds to medium level of
Thbilis1 population m whole

o 18 block of flats (from 5 to 14 storied buildings, from 60 to 130 flats 1n each building)
are located 1n this territory The buildings are constructed according to design typical for

Thbilis1 1n whole



* The territory includes a school building wilh autonomous heating system using hqud

fuel

* The kindergarten building located on the territory 1s funded by USAID technical ‘
assistance program to tnstall an autonomous heating system using natural gas as a fuel

* On the same territory there 1s the district heating station #5, which 1s not operating now

and can be used under new function
¢ There 1s a possibility to supply geothermal waters from the existing well, which 1s not

practically used

Figure 1 4 -1
Plan of the Demonstrative Zone Territory

3

Legend 1 Kindergarten, 2 Dustrict Thermal Station #5, 3 Limits of
residential area with 6000 residents, 4 Secondary School




2 Recommendations on Creation of the Demonstration Zone
21 Upgrade of existing power supply systems in blocks of flats

To provide separate electric power supply for especially large and top priority consumers
modernization of municipal power supply system has been actively carried out in Tbilisi
during last 3-4 years Funding of works to arrange separate power supply for municipal
entities (hospitals, schools, adminstrative buildings, water supply facilities, municipal
electric transport, etc ) 1s provided from municipal budget Works on separate energy supply
of commercial enterprises are financed by the enterprises themselves

This modermzation of power supply systems allows to provide favorable conditions of
electricity supply for mumcipal top priority sites and also control power supply to
commercial enterprises directly from switchyards in accordance with payment for consumed
electricity In case of large consumers of power such modermzation 1s profitable, but 1t can
not be used to provide separate power supply to small-size consumers, such as households

In the framework of the Municipal power supply system the whole II block of Digomu district
(Demonstration Zone area), which comprises 18 blocks of flats (about 1550 flats), 1s
considered as one consumer Any attempt to provide separate power supply for small groups
of residential buildings of this block by means of dedicated line results in carrying out
expensive electro-technical measures beyond this block

It 1s much more efficient to provide favorable power supply to the selected group of buildings
and upgrade existing power distribution systems 1n all residential buildings 1n such a way that
indrvidual flats or groups of flats can be switched off for payment default

It should be noted, that power distribution systems of several residential buildings 1n Thilis:
had been upgraded 1n 1997 as an experiment carried out on behalf of “Telas1” As a result of
modernization, meters had been taken out of flats and installed into locked cabinets on the
ground floor of each entrance of residential buildings Each meter was provided with switch
to cut power supply off, and open single-phase (two wires for each flat - “+” and “-*) wiring
was laid from cabinets to flats We think that such upgrade has a number of shortcomings

Namely,

e consumers can not control indications of their meters
e open wiring allows connections to electric power meter of another flat
o there are no meters measuring power consumed by elevator and entrance lighting

Besides, favorable regime of power supply of the upgraded residential buildings had not been
provided when experiment was carried out Such favorable regime 1s extremely important for
population to trust and support experiment

Nevertheless, the fact that such experiment was carried out should be considered as a positive
event It shows that the problem of regulation of power supply to population 1s important and
this 1s acknowledged by municipality



Within the framework of Demonstration Zone project we recommend to test three options of
upgrading existing power distribution systems 1n residential buildings

211 Option I Individual Metermng of Consumed Power.

This option of power distribution system modification allows to perform reliable metering of
electric energy consumed by each family In case of non-payment each flat can be
individually switched off

Single-phase meters for controling of power consumption are installed in lockable metal
cabinets of two types at each floor of residential building
Figure2 11 -1

Cabinet for meters type C-12 (single-phase)

700

1500

1 - Single-phase meter 40A (12pcs), 2 - Single-phase switch 40A (12pcs),
3-7 Components of cabinet




Figure 211-2

Cabinet for meters type C-9 (single-phase)
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1 Single-phase meter 40A (9 pcs), 2 Single-phase switch 40A (9 pcs),
3-7 Components of cabinet,

Supply of power to these cabinets will be provided by means of single-phase insulated cables
of 25-32 mm? cross-section, enclosed tnto metal pipes Size of cross-section for power supply
cable 1s determined with account power consumption simultaneity factor K, =05

Wiring from cabinets to flats will be provided by means of single-phase insulated wires of 4 0
mm? cross-section Cross-section of cables limits power load of each flat by value up to 7TKW

Existing meters will not be dismounted and consumers will be able easily control power
consumption In case of disagreement of control meter readings with indications of meters
installed inside the flat, indications of control meters should be considered as basic one for
calculation of amounts to be paid (Prior to installation into cabinets all control meters should
be tested to venify accuracy of indication)

Power distribution cabinets shall be installed on the ground floor or each entrance of
residential building These cabinets shall be equipped with three-phase meters to determine
amount of power consumed by elevator (if present) and also with single-phase meters for
entrance highting



Figure 211-3

Bulding entrance distribution cabinet type DC-EL (for buildings with elevators)
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Figure 211-4

Building entrance distribution cabinet type DC-L (for builfings with elevators)
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4-9 Components of cabinet,

2 Single-phase meter 17A (I pc)

1 Three-phase switch (I pc),
3 Fuses with holders and insulation,



General scheme of upgrading existing power distribution system for residential building
providing individual power consumption metering looks as follows

Figure211 -5

Principal scheme for upgrade of power supply system
i l14-store 83-flat residential building
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Figure 211-6

14-store 83-flat residential building

Plan of the typical floor
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Figure211 -5

Principal scheme for upgrade of power supply system
in of 9-store 96-flat residential building
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Figure 211-9

9-store 3-block 96- flat residential building

Plan of the typical floor
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Figure 21 1-10

Plan of the typical entrance
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Estimated Cost of Power Supply System Modernization
for an 14 Floor Residential Block of Flats (83 Flats)

N Total Cost Including
Work Description (USS)
Installation Equipment
(US$) and
Matenals
(US$)

1 2 3 4 5

1 | Dismounting of the main power cabinet of 700 50 650
VRU-1-4300 type and installation of new one

2 | Installation of two entrance power 1000 80 920
distribution cabinets of DC-EL type

3 | Installation of five floor cabinets of C-12 3800 750 3050
(single-phase) type

4 | Installation of four floor cabinets of C-9 2460 440 2020
(single-phase) type

5 | Making holes in terfloor partitions to nstall 80 80 -
cable ducts (28 points)

6 | [nstallation of AAShV (3x150 + 1x50) mm” 560 80 480
type cables from the mamn power cabmet to
two enfrance power cabinets, L=40 m

7 | Installation of KRPT (2x35) mm” type cables 3000 400 2600
enclosed into metal ducts from entrance
power distribution cabinet (I entrance) to
floor distribution cabinets, L=150 m

8 [ [nstallation of KRPT (2x25) mm” type cables 2500 400 2100
enclosed into metal ducts from entrance
power distribution cabinet (II entrance) to
floor distribution cabmnets, L=140 m

9 | Installation of vertical sections of KRPT 660 110 550
(2x4) mm? type apartment cables into metal
ducts, =220 m

10 | Installation of horizontal sections of KRPT 2340 390 1950
(2x4) mm® type apartment cables and
connection to apartment meters (83 points),

=780 m

11 | Laying of APPV (2x2 5) mm"” type vertical 600 100 500
cables from entrance power cabinets and
installation of switches with lighting fittings
on each floor (28 pomts), L=300 m

12 | Connection of elevator power supply cables 100 80 20
to the control meters (2 points)

13 | Connection of banquet hall power supply 60 40 20
cables to the control meters

14 | Connection of water supply pump power 60 40 20
supply cables to the control meter

15 | Filling of holes in mterfloor partitions with 50 20 30
cement-sand solution (28 points)
Total esimated cost 17970 3600 14910




Estimated Budget for Modernisation of Power Supply System
in 9 Floor 96 Flat Residential House

N Total Cost Including
(US$) Installation Equipment
Work Scope (US$) And
Materials
(US$)
1 2 3 4 5
i Dismounting of existing and installation of 700 50 650
new main power distibution cabinet, type
VRU-1-4300
2 [nstallation of three entrance power 1500 120 1380
distribution cabinets, type DC-EL
3 Installation of three floor cabinets, type 2280 450 1830
C-12 (single-phase)
4 Installation of six floor cabinets, type C-9 3690 660 3030
(single-phase)
5 Making holes 1 nterfloor partition for 70 70 -
cable ducts installation (24 points)
6 Laying of AASHV (3x120 + 1x50) mm* 1120 160 960
type cables from main power cabinet to
three entrance power cabinets 1L.=80 m
7 Laying of KRPT (2x35) mm* type cables 1800 240 1560
in metal ducts from entrance cabinet
{I entrance) to floor cabinets, L=90m
8 Laying of KRPT (2x35) mm” type cables 1800 240 1560
in metal ducts from entrance cabinet
(II entrance) to floor cabinets, L=%90m
9 | Laying of KRPT (2x35) mm” type cables in 1800 240 1560
metal ducts from entrance cabinet
(111 entrance) to floor cabinets, L=00m
10 | Laying of KRPT (2x4) mm” type cables in 720 120 600
vertical metal ducts, 1L.=240 m
11 | Laymg 1n open horizontal wires of KRPT 2430 405 2025
(2x4) mm® type to apartments and
switching to the existing apartment electric
meters (96 points), L=810 m
12 | Laying open vertical wiring of APPV 540 90 450
(2x2 5) mm’ type from entrance power
distribution cabinets and installation of
switches with lighting fitting (27 points) on
each floor, L=270 m
13 | Switching of elevator power supply cables 150 120 30
to control electric meters (3 points)
14 | Filling of interfloor partition holes with 50 30 20
cement-sand solution (24 points)
Estimated total cost 18650 2995 15655




212 Option II Collective metering of power consumption

This option of power distribution system upgrade provides metering of total actual power
consumption for groups of 3-4 families (located in adjacent flats) In case of non-payment 1t .
will be possible to cut offpower supply to this group of consumers

Control three-phase meters will be installed in lockable metal cabinets on each floor of
residential butlding Power supply to control meter cabinets will be provided by means of
existing vertical three-phase cables

Wining from cabinets to flats will be provided by means of single-phase insulated wires of 4 0
mm? cross-section Size of wire cross-section limits power load of each flat by value up to 7 0
K W rated load

Existing meters will not be dismounted and consumers will be able easily control power
consumption In case of disagreement of control meter readings with indications of meters
installed inside the flats indications of control meters shall be considered as basic ones for
calculation of amounts to be paid (Prior to installation into cabinets all control meters shall
be tested to verify accuracy ofindication)

Cabinets of control meters will be installed on each floor of residential building 1n accordance
with the following scheme

Power distribution cabinets will be installed on the first floors of each entrance of residential
buildings These cabinets shall be equipped with three-phase meters to measure power

consumed by elevator (if present) and also with single-phase meters for entrance lighting (see .
Fig 212 -3)

Fig 212 -1
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Figure 212-2

8-floor 6-block 130- flat residential building

Plan of the typical floor
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Estimated Cost of Power Supply System Modermization
for an 8 Floor Residential Block of Flats (130 Flats)

N | Work Description Total Cost Including
(US$)
Installation | Equipment
(US $) and
Matenals
(US %)
11 111 v A%

1 | Dismounting of the existing electric distribution 700 50 650
cabinet and mounting the new one of VRU-1-
4300 type

2 | Installation of six power distribution cabimnets of 3000 240 2760
DC-EL type in each entrance

3 | Installation of 46 boxes of C-C type on each 5750 920 4830
floor

4 | Connection to the existing power meters 1040 900 140
installed in the flats (130 points) and to the
switches of statrcase lighting(48 points)

5 | Connection of elevator power supply cables to 300 240 60
control meters (6 pomts)
Total estimated cost 10790 2350 8440

213 Option III Collective power consumption metering for large groups of consumers

This option of power distribution system upgrade provides total actual power consumption
metering for large groups of households group of 12-15 flats in 5-store residential buildings,
group of 22-24 flats in 8-store residential buildings, group of 25-36 flats 1n 9-store 1esidential
buildings Correspondingly, 1n case of common non-payment 1t will possible to cut off power
supply only to the whole group of consumers

Within the framework of this option 1t will be necessary to install power distribution cabinets
(such as DC-EL or DC-L) n each entrance of residential building and additionally three-
phase control meter will be mstalled for total power consumption of all flats of this entrance

Reasonability of implementation of Option III may be doubtful, but experience of
implementation of this kind of solutions 1n Armenia and several cities in Georgia - Rustavi,
Gori, Batumi - proves 1ts efficiency

Cabinet for control meters of DC-GEL type can be nstalled 1n accordance with the following
scheme

40



Figure 213 -1

Building entrance distribution cabinet type DC-GEL (for buildings with elevators)
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7-12 Components of cabinet,
Figure 213-2

Installation of control meter cabinet of DC-GEL type
in S-store 60 flat residential building
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A A ST )
) | 1 ' ' ' { '
i [ b i 1o :
]
o+ 3 F & 4 F dgi®
o ™ o h ha @
= T r §
sl eyl - @
M s &
5§00 600 880 880 00
5920 o
® ® ® @ ® ®

Plan of the first floor entrance

ot
@
©

A Cabmet for meters
i type DC-GEL or DC-GL
%

i i

[~

bt




Estimated Cost of Power Supply System Modermzation
for an 15 Residential Blocks of Flats

N | Work Description Total Cost Including
(USS)
Installation | Equipment
(US $) and
Matenals
(US $)
I I III IV \Y%
1 | Installation of 41 power distribution 22550 1640 20910
cabinets of DC-EL type 1n each entrance
2 | Installation of 16 power distribution 8000 640 7360
cabinets of DC-GL type 1n each entrance
3 | Connection of elevator power supply cables 2050 1640 410
to control meters (41 points)
4 | Connection of power cables that supply 1710 1140 570
apartments to the control meters (57 points)
Total estimated cost 34310 5060 29250

22 Modernization of Existing Gas Distribution Systems 1 Block of Flats

Since Summer of 1993 natural gas supply to Georgia was significantly reduced This caused
cutting gas supply to population and deepening of power crisis Only 1n 1996 the volume of
natural gas importing was increased slightly and this allowed to restore partly gas supply to
population Since then rehabilitation of gas supply to Tbilist districts funded by municipal
budget was started Speed of gas supply rehabilitation process, performed by Joint Stock
Company “Thilgazi”, 1s very much affected by limited financing, e g for whole 1997 year
only about $§ US 300 000 was allocated As a result, during last two years natural gas supply
was provided only to 25 000 households, which 1s 8 0 - 9 0% of Tbilis1 population Current
speed of gas supply rehabilitation 1s unsatisfactory, taking into consideration the positive
impact of gas supply on overcoming the power crisis in the country

Existing gas supply system 1s not equipped with metering devices This serious fault 1s partly
recovered during the process of rehabilitation, but as the meter installation costs are to be
covered by population, only 10-12 % of households are able to cover these costs and agree to
nstall the meters 1n their flats

On the territory of Demonstrative Zone (six blocks of flats are selected), where the
rehabilitated gas supply system 1s already operating for two years, the following picture of
gas consumption has been formed



Table 2 2 -1

Conditions of gas consumption by households
1n II quarter of Digomt district

Building | Number of flats | Number of apartments using gas | Number of apartments

No not using gas
with meters without meters

#1 57 5 41 11
#2 60 8 39 13
#3 59 29 27 3
#4 60 8 39 13
#5 129 17 67 45
#6 127 27 23 82
#7 127 3 82 37
#8 85 14 56 15
#9 96 20 55 21
#10 96 14 58 24
#11 83 7 59 17
#12 97 12 65 20
#13 96 3 62 31
#14 125 1 95 29
#15 35 13 21 1
#16 36 6 25 5
#17 81 9 56 16
#19 96 4 51 41

Total 1545 205 921 419

Statistical data given 1n the table allow to divide consumers 1nto three categories

® 13 2% of consumers paying for consumed gas according to readings of meters with rate
0 17 GEL (~ 0 13 $US) per 1 m*

e 60 0% of consumers paying for consumed gas according to established rate - 4 5 GEL (~
3 5 $US) per person monthly

e 26 8% of potential consumers that temporarily are not using natural gas

First of all, these data demonstrate very low solvency of consumers Those households that
pay according to readings of metering device, should be considered as wellfare families in
Thilisi They can afford themselves to cover gas metering device installation costs at once
and thus, get possibility to save on cost consumed gas Interviewing of population revealed,
that amounts to be paid according to monthly readings of gas meters approximately equal to
4-5 $US per month

Households, that were not able to pay for installation of metering device, are paying monthly
rate for gas consumption, which equals to cost of 26 m® of gas per family member In this
case approximate monthly expences for gas consumption equal to 14 $US per household

Households, that can not pay for gas consumption yet, are in the most emergent conditions
This 1s caused by miserable income, which does not allow these families to afford to pay for
gas metering device nstallation and for rated payment either

4%



The situation 1s complicated by the fact that gas supplier the Joint Stock Company “Tbilgaz:”,
as well as consumers, arc upset with rated costs for gas consumption As representatives of
“Thilgaz1” state, consumers 1n many cases consume much more gas (especially m winter
periods) than the rated amount

In the framework of the * Demonstrative Zone” project we are planing to install gas meters in
500 apartments Approximate cost per device equals to $US 100 (including cost of meter)
Total expenses will be about $US 50 000

Implementation of planned activittes will impiove living conditions of about 8 000
consumers 1 Tbilist

We expect that effectivitv of measures on improvement of payment collection for consumed
electric power (which aie planned to be implemented on the territory of “Demonstration
Zone”) will increase 1f 1ehabilitation of gas supply system will be performed in paraliel
Availabihity of both power sources will allow population to reduce consumtion of defficient
and expensive electricity, as they will satisfy their demands by means of comparably cheaper
source of energy - natural gas

23 Activities on Rehabihitation of Hot Water Supply to Population

Centralized system of hot water supply, which 1s a part ot Tbilis1 centralized district heating
system served 80 % of total Tbilisi population Cutting of gas supply to the city in 1994 has
ceased functiomng of whole centralized district heating system till today Before termination
of operation, no proper conservation activities were provided for district heating system
That’s why its rehabilitation 1s unreal in the nearest future In addition there are some other
arguments, that allow to suppose that main part of regional district heating systems could not
be rehabilitated at all (see the attachment to the existing study)

Nowadays for water heating population 1s using the kerosene and gas stoves as well as
electric water heaters About 20% of households have installed electric water-heater
stationary devices Most of them use comparably cheaper flow-through eleciric water-heaters
of 5-6 kW capacity Well-fare families prefer to use (more expensive) accumulative electric
water-heaters, of 60-120 Iiters volume and of 18-25 kW capacity Population usually
connects these electrical water-heaters to the power supply systems of their apartments 1n
such a way that power lines are by-passing electric power meters It means, that consumed
power 1s not accounted by existing meters

During the period of functioming of centralized hot water supply system, rated norm ot hot
water supply was rather hugh - 130 L water of 55°C per each family member a day
Currently, as the interviewing results showed, about 120-150 L water 1s consumed per family
(containing 4 persons) daily Most part of hot water 1s used for bathing

On the territory of the demonstrative zone a simple bath 1s functioning, which 1s located 1n
the building of the regional thermal station # 5 This bath 1s equipped with one shower 1n a
displeasing room without any hygienic standards and, that’s why, 1t 1s not popular among
population



However, the above mentioned bath 1s a subject of our interest, as it 1s supplied with hot
water from existing geothermal wells The practice of using hot water from geothermal
sources for hygienic purposes (for bathing) has become tradition in Tbilis1 Thereis a
historical district in the city, popular with old, sulphur baths that have healing features
Besides, there are some more prospected reserves of geothermal water resources in other
districts of Thilis: as well The most significant geothermal deposit 1n Tbilisi 1s located near
List lake, which supplies population living 1n Saburtalo district One of wells of Lisi deposit
1s located not far from the area of the Demonstrative Zone Well debit equals to 325 m® per
day, temperature of water 1s 74° C Currently those geothermal waters are not utilized except
one public building and the above mentioned bath A 100 mm diameter water pipe of 600 m
length 1s provided from geothermal well and 1t 1s connected to # 5 by means of thermal water
ducts of 250-400 mm diameter and 900 m length Thermal waters reach the Demonstrative
Zone through these pipes

Figure 23 -I

Existing Geothermal Pipeline
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1 Geothermal well, 2 Thermal sub-station building, 3 Thermal station building,
4 Geothermal pipeline of 600 m length and 100 mm diameter,
5 Geothermal pipeline of 900 m length and 250-400 mm diameter
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Within the framework of the Demonstrative Zone Project we suggest to activate usage of
geothermal water For this we arc planing to renovate part of the thermal station #5 building
In result, a new, well-equipped and comfortable bath with 100 person per day capacity will be
arranged Functioning of public bath wili reduce power consumption for water healing
purposes In addition, utilizing of comparably cheaper geothermal waters will allow
population to save family budgets Cost of Im’ geothermal water in Saburtalo District equals
to 0 5) GEL (~ 0 45US), which 1s four times cheaper than cost of electric power needed for
heating 1m? cold water to 60° C temperature

The fact of operating of misused thermal station will be a good example for revitalization of
conserved property, such as the existing thermal station building and thermal objects of non-

operating centralized district heating system

It should be noted that the "Tbilisi Centrahzed District Heating Optimization Program" ,
which was worked out in 1988, was considering hquidation of # 5 thermal station

Figure 23 -2

Reconstruction Plan of Part of the Thermal Station #5 Building
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Figure 231 -1 .

Plan of Reconstruction of Existing Thermal Unit into the Accumulative Geothermal Station
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Restoration of natural gas supply to the population opens new possibilities of using

autonomous heating devices

2.4. Measures for Rehabilitation of Heating Systems in Apartments

Autonomous heating systems are specially designed to provide the possibility of reducing gas

consumption They are installed directly inside the space to be heated and have direct

connection with the atmosphere

Those heating devices that use gas for fuel and not require vertical exhaust duct must be

627
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specially noted
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In the lower part this kind of heater has metal carcass-heater (1) equipped with a pipe injector
burner (2), which 1s supplied with air required for combustion directly from the outside,
through a special opening 1n the wall (3) Hot gases from the burner go through the carcass-
heater upwards, then over the partition (4) located 1n the casing, then down and after emitting
the heat through the walls of the carcass-heater, arre exhausted outside through an opening
(5) Arr required for combustion gets into the heater and then the combustion products are
blown out 1nto the atmosphere through the same grid, closed with anti-wind flap (6), due to
which wind has almost no influence on the gas burming process The top of the device 1s
covered with a metal protective housing (7) so that there 1s space left between the cover and
the carcass-heater, passing through which the air 1s heated by contacting the hot surfaces
Some gas heater models are equipped with fans which intensify heat transfer

Generally heat transfer of the devices 1s regulated automatically by means of simple bi-metal
or manual position regulators

Efficiency of gas heaters with exhaust ducts for exhausting out combustion products 1s about
80% If capacity equals 2-5 kW, natural gas consumption 1s 0 11 - 0 13 m’hour/kW At
current gas tariffs - 0 17 lar/m’ (= 0 13 US$/m’) - the thermal energy price willbe 19 - 22
tetrkW h (15 - 17 US$/kWh), 1e twice lower than 1n case of using thermal energy from
kerosene stoves

It 1s convement to mstall autonomous gas heaters simultaneously with the rehabilitation of
Thilis1 gas supply systems

The gas supply system actually mcludes all residential districts of Thilis1 (except two new
residential districts Gldani and Didi Digomi) Gas has not been supplied to the population
during the last four years due to a dramatic reduction of natural gas import to Georgia Since
the end of 1996 natural gas import to Georgia has become more or less stable, which allowed
to renew gas supply to some residential districts

By the beginning of 1998 gas supply systems that provide gas to 25 000 households 1n Thilisi
have been rehabilitated and are currently operating

241 Installation of Heating Devices 1 the Existing Flats

In blocks of flats gas 1s usually used only for kitchen cooking stoves However results of
interviews revealed that kitchen gas stoves are often used as heaters

Gas 1s supplied to the flats by means of vertical gas piping, which ordinarily passes n the
kitchens

The gas supply system rehabilitation, which 1s now bemng carried out by the Tbilisi
municipality, includes installation of gas meters in the flats The whole process 1s slowed
down due to the fact that apartment owners have to pay for the installation of meters (95-100
US $) Under these conditions only 10-12% of apartment owners agree to install gas meters




It 1s recommended to 1nstall gas heaters only in the flats that are already equipped with gas
meters The gas meters which are being installed in the flats can measure gas consumption up
to 6 m3/h If we take into consideration that the maximum gas consumption by cooking stoves
equals 1 2-1 4 m3/h, 1t 1s evident that one gas meter can measure additional gas consumption

required for gas heaters

Figure241 -1

I Existing vertical gas piping, 2 Gas meter 3 Gas heater 4 New horizontal gas piping,
S New vertical gas piping

The drawing shows the scheme of gas heaters installed in a typical 3 room apartment The
dimensions of 2-5 kW capacity heaters permit their installation under the window sifis-

instead ofthe existing water radiators

Gas will be provided to the heaters using the traditional method - steel gas pipes of small
diameter
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For convenience of installation 1t 1s recommended to use copper pipes with thin walls (which
are widely used 1n Georgia 1n oxygen systems of hospitals) and also plastic pipes For those
systems where there 1s little distance between the existing vertical gas pipes and heating
devises, 1t 1s possible to use elastic hoses which are currently used for providing gas from
propane tanks to cooking stoves

For those systems where there 1s considerable distance between the existing vertical gas pipes
and heating devises, 1t may be necessary to install new external vertical pipes In this case 1t 1s
necessary to consider the necessity of installing an additional gas meter tn the apartment The
cost of a gas heating system of 2-5 kW capacity (including installation costs) equals 250-350
US §

Installation of 10000 heating devises can reduce the consumption of electricity duning the
winter period by amount for generation of which a 25 000 - 35 000 kW capacity power
station i1s needed Construction of such a power station would cost 25-35 millhion US § While
the amount necessary for purchase and 1nstallation of 10000 heaters 1s ten times lower Low
cost of natural gas (13 US § /m’) as compared to the current electricity tanffs (0 35 US
$/kW h) and kerosene prices (0 30 US § /liter) allow to reduce money spent by the population
on heating about 1 5 -2 times

Wide usage of autonomous gas heaters will sigmificantly help to solve the problem of heating
the population

2 42 Installation of Gas Heaters in Apartments within the Demonstration Zone

In the framework of the Demonstration Zone project we are planing to install individual gas
heaters with 3 0-4 2 kW capacity 1n about 50 apartments These heaters will be 1nstalled only
1n those apartments which are already equipped with gas meters and owners of which will
cover installation costs which we estimate to be equal to $50 - $60 (not including cost of gas
heater) Thus, at about $280 - $300 approximate cost of each gas heater the total expenses on
this component of the project will amount $14 000 - $15,000 Implementation ot this progral
will allow us demonstrate effectiveness of one of the most affordable and efficient ways to
resolve problem of heating of population

Y



2 5 Summary Estimated Budget for Demonstration Zone Project Implementation

Demonstration Zone Components Estimated
Cost (USS)
1 2
1 Power supply
1 1 Modernmization of the power supply system of 14 floor 85 flat
residential building (with individual metering of power 17970
consumption by each family)
1 2 Modermzation of the power supply system of 9 floor 96 flat
residential building (with individual metering of power 18650
consumption by each famuly)
1 3 Modernization of the power supply system of 8 floor 130 flat
residential building (with summary metering of power consumption 10720
by group of 3 families)
1 4 Modermzation of the power supply system of the group of 15
restdential buildings including 1240 flats (metering of total power 34380
consumption by groups of 15-30 families)
Total 81720
2 Gas Supply
2 1 Installation of 500 gas meters of 2 Sm’/hour nominal capacity 1n 50 000
apartments
Total 50 000
3 Hot Water Supply
3 1 Partial reconstruction of buildings of the non operating District
Thermal Station #5 and arrangement of bathes with 100 persons per 24 175
day capacity, operated on using of geothermal water
3 2 Reconstruction of the non operating Thermal Sub-station into
the Geothermal Water Accumulating Station for storage of 22 000
V=100m’ geothermal water for supply to families
Total 46 175
4 Heating
4 1 Installation of 3 0-4 2 kW capacity gas heaters in 50 apartments 14 000
Total 14 000
Total estimated cost of project implementation 169 895

(1) 1tem 3 2 1s proposal for the future and is not included 1n the summary estimated cost
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1 INTRODUCTION

Proposal “Tbilist Combined Heat Power Plant Rehabilitation, Technical-Economical
Optimization of Operational Regimes” 1s prepared by the company “Burns and Roe”
within the USAID technical assistance program in Georgia, Georgian expert engineers
and the consulting company “ARCI Consulting”, based on the request of Tbilisi
CHPP

Necessity of such works 1s determined by an energetic crisis, which recently takes
place in Georgia The crisis 1s caused by several complex reasons After exclusion
from umfied energy system of the former Soviet Union Georgian power industry has
faced very difficult problems Besides, the situation was also complicated by
technological and physical depreciation of units in Georgian energy system, economic
crisis typical for transition period, which results 1n an extremely low solvency level of
population, and leakage of fuel resources Consequently, power plants working with
organic fuel, turned out to be in an extremely poor condition This concerns also
Thilisi CHPP, as, due to the low solvency level of population, CHPP has lost the
major source of 1ts incomes provided through realization of the typical for such station
high priority production - heat power Incomes, provided by sale of electric power are
not sufficient to cover power plant operational-repair expenses As a result, Tbilist
CHPP has become unprofitable enterprise, and SAKENERGO has extremely limited
its operation during a year This can be proved based on the power plant operation
statistics for the recent 3 years

Due to mactivity of economic transformation process going on m Georgia, situation 1s
not expected to be improved 1n the nearest future Therefore, essential changes shall
be made 1n the concept of power-generating sites

New approach to Tbilist Combined Heat Power Plants shall consider increase of
production, which actually can be sold (even for export) - electric power, without any
changes 1n heat power generation At the same time at the first stage, heat power
generation can be reduced to the amount, required by solvent consumers only

Based on the above mentioned, we think, that the main tasks of Thilisi Combined

Heat Power Plant Rehabilitation and Technical-Economical optimization of Operation
Regimes are

¢ to increase combined heat and power generation efficiency,

¢ to provide unit operation 1n basic regime (during a year),

e to provide CHPP operation both, in unified Georgian energy system and in
autonomous grid,

e to minimize operational costs by arrangement of maximum possible automatic
control of units



2 Project Importance

It 1s known, that for CHPPs heat load 1n Summer period (for hot water supply only) 1s
10-18% of the heat load in heating period Consequently, CHPP heat power
generation efficiency in Summer period 1s reduced, and consequently plant annual
efficiency 1s significantly reduced

The

problem of seasonal differences 1 heat power generation capacity 1s a basic problem,
which can not be completely solved by traditional methods (partial outage of turbine
units, or their operation 1n back-pressure or “PC” regimes)

The problem of heat capacity seasonal difference becomes more actual 1n electricity
deficit conditions, when we face two mutually exclusive requirements, well-known to
specialists first, it 1s necessary to generate maximum possible amount of electric
power, and the second, cogeneration of heat and electric power shall be maintained

Therefore, we can say, that the problem of Tbilis1 CHPP rehabilitation and technical-
economical optimization of operation regimes 1s by no means actual and shall be
solved immediately

3 Heat Power Consumers Demand on Heat Power Generated by CHPP

Tbilis1 CHPP 15 the largest power generation site in Tbilist It provides heat power for
474 consumers, 144 of which are administrative-public sites and 330 are of household
needs

According to design data, CHPP designed heat capacity 1s 110 8 MW 555 MW - for
administrative-public sites and 55 3 MW - for residential buildings

Designed heat loads for administrative-public sites are given mn Table Al (see
Attachment, names of sites are “old”, corresponding to 70-ees)

Due to the low solvency level, the largest part of consumers can not pay for consumed
heat power Therefore, list of actual consumers, as well as their demand on heat
power, 1s changed

Fig 1 represents the list of Tbilisi CHPP heat power actual solvent consumers, with
indication of rated loads and amount of heat power consumed m 1996-97 heating
season

As we can see from Fig 1. actual demand of solvent consumers on heat power
generated by CHPP currently 1s 12-16 MW

This number 1s supposed to increase n future With increase of solvency level of
administrative-public sites, 1t will reach about 1ts designed capacity - 55 MW But




first, heat power meters shall be nstalled at this power consumer sites Installation of
such meters 1s not a difficult task

This procedure seems to be more difficult for household (residential) sites Installation
of heat power meters individually for each consumer 1s extremely complicated, as
existing systems of internal communications mostly do not allow to separate each
consumer Therefore, heat power supply and metering for household consumers
requires urgent complex solution Otherwise, even 1n case of population solvency
level increase, Thilisi CHPP can not be provided with the old number of such type
consumers and new potential consumers

Dislocation of Tbilis1 CHPP heat power solvent consumers 1s given on Fig 2

4 Electric Power Consumers Demand on Power Generated by CHPP
Total capacity of three generators installed at Tbilis1 CHPP 1s 18 MW

CHPP 1s connected to energy system by means of two transformers TPJAHT
25000/35 and two 35 kV transmission lines

CHPP provides 40-45 MW power as a regional sub-station by means of 18 feeder
lines connected to the city grid Feeders connected to the city grid provide power
supply for city top priority consumers (Parliament building, Minister’s Cabinet, Opera
House, National Stadium, hospitals, etc )

CHPP 1s significant power generating site, as 1t provides city power supply If
necessary, 1t can provide indrvidual power supply for separate consumers

In case of power generation increase 1n future, after necessary reconstruction, power
can be transmitted by means of existing nets both by 6 kV city line, and by 35 kV
lines belonging to the energy system These lines currently can provide 80 MW total
power transmission

CHPP power transformers operate according to the technological process designed 1n
1939 Ths process involves the following main parts

1 - three turbine generators each of 5 3 MW capacity,

2 - 6 KV switchgear, built and nstalled in 1939 Distributing equipment 1s located on
the third floor of the building The first floor houses reactors and feeder joints Oil
switches and metering transformers are installed on the second floor and the third
floor houses double, three-section collecting buses (2 working sections and 1 transfer
section) and their commutation equipment

The mentioned distributing equipment 1s connected to CHPP turbine generators by
means of three 1nlet lines and to 35/6 kV 25 MW power transformers by means of 2
inlet lines 5 feeders provide power supply for 6/04 kV service transformers, 8



feeders provide power supply for 6 kV voltage units (feed pumps, circulation pumps
and network pumps), 18 feeders service city power supply grid and provide 40-45
MW power supply for city grid

3 - two TPIHT 25000/35 power transformers, which connect CHPP to the Georgian
energy system by means of 35 kV transmission lines

5 Thihsit CHPP - Power Generating Station

51 CHPP flow diagram and power generating units Condition of power
generating units

Thilis1 CHPP 1s a central power generating station Installed electric power capacity of
this plant 1s 18 MW, designed heat power generation 1s 110 MW, 70 MW of which
are produced by steam turbine units (from process-regulated extraction) and the other
40 MW - by peak hot water boilers

The basic heat power generating units, installed at Tbilist CHPP are
o four boilers - 2xBI'-50, 1xTM-35, 1xBI-35, to provide turbine steam supply,

¢ Condensing turbine generators with regulated steam extraction - 1xAII-6 and
2xAT-6 Rated electric power generation of AII-6 turbine generator 1s 6 MW, heat
power capacity - 25 MW This unit provides heat power only for enterprises
According to the design, heat power 1s produced by means of steam extraction
from turbine blading section Steam parameters are as follows pressure - 5
atmospheres, temperature - 230-244°C, mass flow rate - 40 ton/h Rated electric
power capacity of AT-6 type turbine 1s 6 MW, heat power capacity - 22 MW Heat
energy produced by this unit 1s intended for heating and hot water supply

» Heat power generating units (two basic boilers, two peak boilers, one peak water
heater for water supply network) to provide hot water for heating and hot water
supply systems

e Two IITBM-50 hot water boilers to increase plant heat power capacity m an
extremely cold heating period

The basic technical parameters of Tbilist CHPP power generating units are given in
Table A2 (see Attachment)

CHPP simplified flow diagram (before upgrade-reconstruction) 1s shown on the Fig
4 Steam, produced 1n boilers (1) 1s delivered to turbine generators (2) through the
common collector and, 1f required, to reduction-cooling devices (3) Turbines are
provided with regulated steam extraction, from where, while operating in a heat
supply regime, the main part of steam 1s delivered to basic network water heating
boilers (6), peak boilers and peak water heating boiler through collectors (5 atm and 2
atm ) Waste steam, amount of which 1s changed according to turbine operation
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regimes, enters condensers (4) Condenser technical water circulation system 1s of
running type, fed with water of the river Mtkvar: Heat supply umt 1s connected to
heat supply network by means of double pipe system Water, back from the heat
supply network 1s delivered to boiler and water heating boiler (9) water main by
means of system pump (5), and then goes to the “direct” line of heat supply network
To compensate water losses n heat supply network, water 1s added partially from
technical and partially from network water mains through chemical treatment facilities

(10)
Condition of heat power generating units

According to assessment made by engineering staff of Tbilist CHPP 1n 1996-1997
condition of units 1s as follows

Boiler No 1 (BI'-50) 1s 1n a satisfactory condition,

Boiler No 2 (BI'-50) - pipes of steam superheater shall be replaced, economizer needs
overhaul,

Boiler No 3 (TM-35) 1s 1n operating state - furnace side water walls shall be repaired,
Boiler No 4 (BI'-35) 1s 1n operating state - air heater shall be cleaned,

Turbine generator No 1 (AIl-6) 1s 1n a satisfactory condition,

Turbine generator No 2 (AT-6) 1s 1n a satisfactory condition,

Turbine generator No 3 (AT-6) - capital repair of this umt had been performed 1n
1992 and turbine generator have not been in operation after that Condensate pump
shall be nstalled, operational capacity of ejectors shall be checked, turbine generator
shall be dynamically balanced, control system shall be adjusted,

One basic (BO-200) and two peak (BII-115) boilers shall be replaced 1n heat supply
system, network water heater (IICB-315-3-23) mainly 1s 1n a satisfactory condition,

water pipe bundles shall be chemically treated (washed with perchloric acid)

Peak water heating boilers (2xITTBM-50) shall be dismantled

Condition of electric power generating units

Turbine generator No 1 needs current repair
Turbine generator No 2 needs current repair

Turbine generator No 3 needs current repair



Power transformer No 1 TPZITHT' 25000/35 1s 1n operating state, voltage regulation
switch 1s out of order and needs overhaul,

Power transformer No 2 TPJITHT 25000/35 1s in operating state, voltage regulation
switch 1s out of order and needs overhaul,

Due to normal operation and high quality preventive works carried out, 6 kV
switchgear (which 1s built and nstalled 1 1939) 1s ready for long-term operation after
necessary repair Equipment of 18 feeder lines connected to the city grid 1s in an
extremely poor condition and needs overhaul,

04 kV switchgear 1s 1 operating state, some devices need repair, equipment 1s old
both, technologically and physically,

The following service transformers need preventive works

Nol 560kVA
No2 750kVA
Stand-by 560 kVA
No3 560kVA
No4 750kVA

Batteries CK-10 are significantly depreciated and need current repair,

Cable lines going to the city grid and laid on the territory of CHPP are in an extremely
bad condition (cable trench 1s destroyed, existing cables are mterweaved and spread
above the trench)

52  Heat supply network and condition of heating mains

Tbilisi CHPP heat supply system (Fig 5) serves four districts of Thilis1 - Didube,
Chuguret1, Mtatsminda and Krtsanisi According to dislocation, network 1s divided
into two zones - upper and lower Upper zone heating mains serve Mtatsminda and
Krtsanisi districts, lower zone heating mains serve Didube and Chuguret: districts

Heat supply system 1s of double pipe type Length of the basic heating mains of the
upper zone, including direct and back pipelines, 1s about 13 km, and of the lower zone
- 26 km Conventional diameters of the main heat supply pipes are - 100, 125, 150,
200, 300, 400 and 500 mm Maximum operational pressure mn pipelines 1s 85 m of
water column

Heat supply system of Tbiliss CHPP comprises of heating and hot water supply
systems According to heat supply system connection diagram and the way of heat
carnier circulation, heating and hot water supply systems are of independent (closed)
type - with intermediate heat exchanger Heating devices at heat power consumer sites
are switched according to parallel schemes and 1n series Heating devices are mainly
of radiator type




Tbilis1t CHPP heat supply networks currently are in unsatisfactory technical condition
According to data, provided by the plant engineering personnel, losses in heat supply
network can reach 25% (both, heat and financial losses are included) 7o determine
reasons of increased losses, 1t 1s necessary to investigate individual sections of heat
supply network These measures are necessary for planning long-term works on
separation and repair of mdividual sections of heat supply network (to satisfy
demands of existing and actual potential solvent consumers)

Due to the leakage of funds, 1t 1s hardly possible to study in full actual condition of
heat supply pipeline Therefore, the problem shall be solved step by step - according
to consumer priority, separate sections of heat pipelines shall be repaired When
economic conditton of CHPP 1s improved, heating mains will be completely
rehabilitated We think, this 1s the optimum solution of the problem

5 3 Fuel Economy

The basic fuel of CHPP 1s natural gas Stand-by fuel 1s mazout Basic diagram of
Tbilis1 CHPP natural gas supply 1s given on the Fig 6

6 Optimum Operational Regimes for CHPP Steam Turbine Units

6 1 Seasonal Schedule of Heat Loads Guaranteed from Realization Point of View
Temperature Diagram System Water Consumption Rate

According to design data, rated heat power capacity of Tbilist CHPP 1s 110 8 MW
This capacity was provided by means of two water heating boilers and heat supply
facility, which comprises of five surface type heat exchangers Network water heating
in boilers 1s performed at the expense of steam heat power extraction from turbine
units

The rated load was distributed between water heating boilers and heat supply units
according to distribution coefficient - ocypp = 06 Network water temperature 1n
direct mam (at the outlet of water heating boilers) was equal to 150°C, and
consequently, heat power consumers were provided with rated value of network water
temperature

It shall be noted, that water heating boilers, installed at Tbilis1t CHPP are designed to
work m low (-10~—150C) external temperature conditions - their designed efficiency
can be reached only in such conditions In Georgia the mentioned boilers can not
produce more than 50-60% of designed capacity and efficiency Besides, physical
condition of the boilers has become worse and also number of solvent heat power
consumers has reduced Therefore, rehabilitation of these boilers can be considered as
unreasonable

Thus, we think, that water heating boilers shall be dismantled and, correspondingly,
plant technical-economic parameters shall be calculated without them The only



source of heat power in CHPP 1n such case 1s steam, provided by turbine umt heat
extraction or basic boiler units through reduction-cooling device (ceypp = 1)

Analysis given below, 1s performed without taking into account existence of water
heating boilers Besides only heating season 1s considered, as well as the range of
heat power capacities required for heating and hot water supply for actual solvent
consumers As 1t was mentioned 1n paragraph 2 2, such range 1s 12-16 MW

Temperature diagram of the network water 1s given on Fig 7 The following input
parameters are used

¢ estimated outside temperature -8~-10°C (for Thbilis1),

e network water maximum temperature at inlet of consumer site 1s 950C, when
outside temperature 1s -8~-10°C - according to sanitary-hygienic norms,

e at the beginming and end of a heating season outside temperature 1s considered to
be +8 5~+10°C,

e network water maximum temperature at inlet of consumer site 1s 65-70°C, when
outside temperature 1s +8 5~+10°C, according to samtary-hygienic norms,

¢ temperature drop 1n heating devices 1s 25° - according to technical parameters of
existing devices

Sections ab and ac of diagram corresponds to different values of network water flow
rate (details will be given below)

Fig 8 represents heat load versus outside temperature for actual solvent consumers
Essential difference between demand on heat power and provided heat power 1s
caused by unsatisfactory condition of heating mains (where, according to data
provided by plant personnel, financial and heat losses are up to 25%)

Fig 9 represents network water flow rate dependence on outside temperature Section
ac shows possible reduction of network water flow rate (and consequently, reduction
of power consumption for the own needs) mn direct main operating in high temperature
(~86OC) regime - see Fig 7

Fig 10 represents seasonal schedule of heat loads (in heating period) for heat power
solvent consumer

6 2 CHPP Technical-Economic Parameters for Various Operational Regimes (with
Existing Turbines)

As 1t was mentioned 1n section 2, the proposal considers rehabilitation of Tbilis
CHPP trough adjustment-repair of existing units, to make the station ready to operate
n the nearest heating season




Together with rehabilitation of the plant at this stage 1t 1s necessary to choose such
regimes of exiting device operation, which can fully satisfy demand on power with
mimimum capital costs for plant, or, if possible, with maximum economic benefits
This 1s currently the main optimization task for Thilisi CHPP

Calculations have been done 1n two sub-stages

At the first sub-stage energetic parameters of turbine units in rated “TK”, “K” and
“TIIP” operational regimes were determined (calculations have been done using the
program KUMIR-M, developed by the authors) Analyzing the results 1t was
determined, that thermal efficiency of the units working m “TK” and “TIIP”
operational regimes (partial vacuum) 1s actually the same 1n the required range of
thermal capacities Besides, working 1n a partial vacuum regime 1t 1s necessary to
perform remaking techmical works This 1s quite difficult to do because of the
necessary immediate works to be performed for maintaining the plant operability
Consequently, for the second sub-stage we had chosen operational regime “TK” as
proved many times operational regime

At the second sub-stage economic calculations were performed for various options
using the following general conditions

e Average thermal capacity, required by actual solvent consumers in heating season -
14 MW (according to experience of the last year - see 6 1),

e Electric power tanff - 6 tetri/kWh including VAT,

e Natural gas calorific value - 7800 kcal/standard m’,

e Price of natural gas - 0 075 lari/standard m’ without VAT,

¢ Annual repair-operational costs - 1000 lari/year (according to the plant data)
Specific conditions for each option are given below

We can assume, that demand of solvent heat power consumers will not change and
remain within 12-16 MW range

Based on the above mentioned, plane technical-economic parameters have been
calculated for four options

Option I
¢ Plant operates during the heating season only (~3600 hours),
¢ Only one turbine unit 1s i operation - AT-6,

o Turbine unit operates 1n heat supply regimes according to electric power generation
schedule (“TK” regime),



e Average gross thermal capacity of heat supply extraction 1s 14 MW (see heat load
seasonal schedule - Fig 10),

e Average gross electric power capacity of the turbine units 1s 5 3 MW

Option II

e Plant operates during the heating season only (~3600 hours),

Two turbine units are 1n operation - AT-6 and AII-6,

AT-6 operates 1n heat supply regimes according to electric power generation
schedule, AII-6 operates in condensation regimes (“K” regimes),

Average gross thermal capacity of the umit AT-6 1s 14 MW, electric power
generation capacity - 5 3 MW,

Average gross electric power capacity of the unit AII-61s 53 MW

Option I11

o Plant operates during the heating season only (~3600 hours),

Three turbine units are 1n operation - 2xAT-6 and 1xAIIl-6,

AT-6 operates m heat supply regimes according to electric power generation
schedule, AII-6 operates in condensation regimes, AT-6 operates 1n condensation
regimes,

e Average gross thermal capacity of the umit AT-6 1s 14 MW, electric power
generation capacity - 5 3 MW,

Average gross electric power capacity of the unit AII-6 15 53 MW

Option IV

o Plant operates during a year (~7680 hours),
¢ Three turbine units are 1n operation - 2xAT-6 and 1xAII-6,
¢ During the heating season one AT-6 unit operates 1n heat supply regimes according

to electric power generation schedule, and the rest of a year - in condensation
regime, ATI-6 and the other AT-6 operate in condensation regimes during a year,




e Average gross thermal capacity of the umit AT-6 1n a heating season 1s 14MW
electric power capacity - 53 MW For the rest of a year average gross electric
power capacity of this umit 1s 5 3 MW,

e Average gross electric power capacity of the units AT-6 and AIl-6 1s 53 MW
each

Results of calculations are given 1n detail in tables A3, A4, A5, A6 (see Attachment),
and summary results are given 1n the Table No 1

As we can see from the Table No 1, plant operation after the urgent rehabilitation 1s
economically efficient working only according to Options IV or, at least, III

It shall be noted, that the given conclusion 1s valid for fixed value of annual repair-
operational costs - 1 million lari/year This value 1s determined by Tbilisi CHPP
administrative-financial department and we have not included any corrections

63  Capital Costs for Rehabilitation of CHPP Units

General description of the condition of Thilisi CHPP heat and electric power
generating units was given 1 51 Works required for rehabilitation of units were
considered Scope of these works and necessary capital costs are given i the Table
No 2 (estimations have been done with participation of plant engineering-technical
personnel)

As 1t can be seen from the table, 25% of rehabilitation works (according to capital
investments) shall be performed by local repair-operational personnel, the rest 65% -
by contractor organizations Such distribution of repair works 1s iitiated by CHPP
administration with the purpose of maximum possible saving of investments

6 4 Optimum operational regimes

Thiliss CHPP operation efficient regimes, while demand of solvent heat power
consumers 1s restricted, are determined based on the above given analysis It 1s clear,
that increase of the number of thermal power solvent consumers will cause increase of
plant profitability up to 1ts designed value This 1s the maximum, that can be reached
before the plant reconstruction-upgrade Therefore, it 1s necessary to establish tanffs,
which the former heat power consumers can pay Besides, competitive level shall be
maintained with regard to other heat power generation sites, already existing or which
are under construction by mndividual consumers This 1s possible 1n case, 1if the plant
umplements flexible tariff policy in combmed heat-power generation conditions -
combined heat-power generation allows the plant to change tariffs on heat power to
maintain and attract consumers But boundary conditions shall be satisfied to prevent
implementation of attractive tariffs at the expense of plant economic efficiency



Additional data are necessary to implement properly above mentioned policy
Corresponding calculations have been done - Options V and VI, and conditions given
in 6 2 were used 1n these calculations

Option V
¢ Plant operates during a year (~7680 hours),
e Three turbine units are 1n operation - 2xAT-6 and 1xAII-6,

e During a heating season (~3600 hours) two units AT-6 operate in heat supply
regimes according to electric power generation schedule (“TK” regimes), and the

rest of a year - in condensation regime, Unit AII-6 operates in condensation
regimes (“K”) during a year,

e Average total gross thermal capacity of two units AT-6 for heating season 1s 29
MW, electric power capacity - 10 6 MW For the rest of a year total average gross
electric power capacity of these umts 1s 10 6 MW,

e During a year average gross electric power capacity of the unit AII-6 1s 5 3 MW

Option VI

o Plant operates during a year (~7680 hours),

o Three turbine units are 1n operation - 2xAT-6 and 1xAII-6,

e During the heating season (~3600 hours) all three umits operate in heat supply
regimes according to electric power generation schedule (“TK” regimes),

e Average total gross thermal capacity of all three units for heating season 1s 43 MW,
electric power capacity - 16 MW

Results of calculations are given 1n Tables A7, A8 - see Attachment

Results 1f Options I-IV are presented on the Fig 11 as a diagram of CHPP income
annual balance dependence on heat power tariff It shows revenue annual balances for
different values of heat power tariffs when the plant operates in various regimes
Besides, 1t gives us a possibility to come the right decision for proper implementation
of heat power tariff policy

7 Conclusions and recommendations

e Individual air duct for CHPP natural gas supply shall be arranged Modern gas
flow and calorific power meters shall be installed on the territory of CHPP




Automatic and I&C devices 1nstalled on the units shall be repaired replaced with
modern ones and completely equipped

Precise list of actual heat power solvent consumers shall be drawn up, demand of
potential heat power consumers shall be assessed for the nearest future, survey and
separation works shall be performed at individual sections of heat supply network
to satisfy existing and expected demand on heat power

Urgently arrange heat power supply and metering for household consumers and
enterprises Demonstration zone shall be created on purpose through prelimimary
selection of group of consumers, where the mentioned problem will be solved

Heat supply mains need repair, heat and financial losses 1n network water pipelines
shall be reduced to the mimimum possible value Network water consumption and
temperature meters, existing on the territory of CHPP, shall be rehabilitated

CHPP 1s an important power generating plant supplying electric power for city
needs If necessary, it 1s possible to exclude individual sites from the common
system and provide their individual power supply

It 1s necessary to rehabilitate immediately cable lines laid on the territory of CHPP
and going to the city grid, and install them 1n special trenches

It 1s desirable to dismantle water heating boilers nstalled in CHPP

It 18 necessary to develop programs for calculation of the plant technical-economic
parameters, both, for estimation of internal technological process efficiency, and to
implement properly tariff policy

Operation of Thilist CHPP 1s economically efficient when plant operates in
regimes of Options VI, V IV, or at least 1]

When the outside temperature 1s within the range 0 - 10°C, 1t 1s preferable to
maintain high (~860C) network water temperature 1n the direct main (instead of 70-
760C) This can be done without any technical difficulties

Works on upgrade-reconstruction of Thilis1 CHPP shall be continued to implement
step by step highly efficient modern technologies

Va0



Table N 1 Summary Results-of Calculation of CHPP Technical-Economic

. Parameters

Option 1 1 111 IV

Mode of operation One turbo- Two turbo- | Three turbo- | Three turbo-
unit during units during | umits during | units during

\ heating heating heating the whole year

Parameters season season season
El power generation, 16 218 34344 52470 114 098
MW * h/year
El power tanff according to the 6 6 6 6
agreement,
tetri/(kW * h)
Revenues from el power 973 2061 3148 6 846
realization
thous lari/year
Thermal power generation, 38 880 38 880 38 880 38 880
MW * hfyear
Estimated taniff of thermal power, 3,8 3 2,6 22
tetri/ (KW * h)
Revenues from thermal power 1461 1148 1017 857
. realization, thous lari/year
Amount required for the fuel 905,5 1529,96 21544 4 271,5
urchase, thous lan/year
Repair-operation costs (according 1 000 1 000 1 000 1 000
to the CHPP data),
thous lari/year
Balance, thous lan/year 123 144 316 1 141




Table N2 Work Scope for CHPP Facilities’ Repair According To The

Condition In 1996/97
N Type of the facility Work scope Work Cost Contractor
thous GEL
1 2 3 4 5
i Boiler N 1 18 4 [ State enterprise
2 Boiler N 3 Medum repair 17 2 [ State enterpnise
3 Boiler N 4 Medium repair 12 0 | State enterprise
4 Water supply system Medum repair 10 0 | State enterprise
5 Pumping system Overhaul 13 9 | State enterprise
6 Flushing of 2 bouilers Overhaul 7 5 | Contractor
7 Power transformer N 1 Overhaul 20 0 | Contractor
8 Power transformer N 2 Overhaul 150 | Contractor
9 18 feeders 6 3kV Overhaul 300 | El shop repair team
10 4 section of 04 kV Current repair 60 | El shop repair team
11 Station service transformers power Replace 150 | El shop repair team
cables circuit breakers
12 6 3 kV buses Medwm repair 2 0 | El shop repair team
13 Section 1nlet o1l switches N 1 and N 2 | Medium repair 25 | El shop repair team
14 Section inlet o1l switch Medium repair 10 | El shop repair team
15 Accumulating batteries Current repair 25 | El shop repair team
16 Charging units Current repair 15 | El shop repair team
17 Turbogenerator N 1 Current repair 70 | State joint stock company
repair team
18 Turbogenerator N 2 Current repair 70 | State joint stock company
repair team
19 Turbogenerator N 3 Current  repair 70 | State joint stock company
testing balance 20 | repair team Contractor
20 Spare parts purchase 120 0 | Contractor
21 Main and auxihary equipment Emergency 50 0 | Contractor
repair
22 Thermal networks and drnives Emergency 40 0 | Network shop
repair
23 Heating main damaged pipes on the Emergency 150 0 | Contractor
section of St Jorjadze repair replace
24 Total wm e ee - - 5575 | = emew = e e - - -




Table - d1 Estimated heat load (in 1970-1980) for administrative-public sites

N Site Estimated heat load
kW
1 2 3
1 Swimming pool, Tennis courts 29,1
2 Saksakhproject 235
3 Secondary school N70 174,5
4 Republic board of methodology 174,5
5 Personal service shop 744,3
6 Secondary school N46 116,3
7 Offset printing shop 407,05
8 Tuberculoses dispensary 272,1
9 Sakmedtechnic 46,5
10 Secondary school N46 174,5
11 oo 64
12 | Secondary school N68 116,3
13 Secondary school N69 127,9
14 | The Ministry of Foreign Affairs of Georgia 232,6
15 | Aur force headquarters 72,1
16 777 Radio center 23,3
17 Rustavel:s state theater 755,95
18 | Hotel “Tbilis1” 1221,2
19 Registration and enlistment office 69,8
20 Museum of Literature 44,2
21 Kindergarten N102 1314
22 | The Ministry of Culture 221
23 | Rear services headquarters 1163
24 | Opera and Ballet State Theater 593,1
25 Trade Union House 732,7
26 | Academy of Art 703,6
27 ‘“Zaria vostoka” editorial office 349
28 Saknakhshiri 1047
29 Aeroflot 93
30 Kino Palace 71
31 Mineral waters’ shop 13,9
32 Officers Palace 687,3
33 | Commuttee of State Security 1023,4
34 Palace of Communication 1163
35 | Secondary school N1 232,6
36 The Ministry of Home Affairs 353,56
37 Music school N3 261
38 | Music boarding school 299




Table - d1 (continuation )

1 2

39 | Children Hospital (Abakel1 St N 31) 1046,7
40 | Supreme Court 651,3
4] Museum of Marksism and Leninism 645,5
42 | Central Post Office 197,7
43 Hotel “Iveria” 2209,7
44 Kashuet: Church 95,4
45 | Picture Gallery 63,9
46 | Hotel “Inturist” 1163
47 Government Palace 4019
48 | Youth Palace 802,5
49 Metro station “Tavisuflebis Moedan” 171

50 I Chavchavadze Club 51

51 Department of Commandants’ Office 18,6
52 | Garage of the Ministry of Finance 226,8
53 Printing House 116,3
54 State Palace of Education 113,9
55 Cinema “Rustavelr” 581,5
56 Museum of Hystory 942.03
57 | Pawn-shop 105,8
58 | Tsekavshiri 1011,8
59 | Sakmtavarenergo 2837,7
60 | Polyclinic + bath-house 1116,5
61 | National Public Library 465,2
62 | Military Units 103,5
63 | Museum of Art 93,04
64 | Heating shop 23,3
65 | Management Information Systems Institute-1 3477
66 | Management Information Systems Institute-2 1442
67 | Palace of Marriage 1135,1
68 | Central Commuttee Garage 355

69 | Zincography 11,6
70 | Pasteboard Factory 23,3
71 Cinema “Kolkhida™ 36,1
72 | Secondary School N38 232,6
73 | Music School (Kslelelektromshen) 81,4
74 District Commuttee 139,6
75 | Department of Heat Networks 34,9
76 Store houses of E1 Networks 23,3
77 El Networks 55,8
78 | Choreography schools 380 3
79 Secondary School N37 2431




80 | Central Clinical Hospital 978,1
81 Rheumatic Polyclinic 95,4
82 | Cardiology Institute 191,9
Table - d1 (continuation )
1 2
83 Chemustry Institute 2733
84 | Psychiatry Hospital 335
85 | Printing shop 869,9
86 | Store house of the shop 116,3
87 | Department store 438,5
88 | Secondary school N23 274,5
89 | Kindergarten N3 22,1
90 Kalakproejct 290.,8
91 | “Tsiskart” publishing house 209,3
92 | Metromshen1 N5 tunnel team 63,9
93 | Decorative shop 29
94 | Marjanishvili Theater 280 2
95 | Secondary school N25 + kindergarten tourist base 308,2
96 | Technical typography 116,3
97 | Polytechnic school 581,5
98 | Polytechnic college 445,4
99 | Maternity hospital N2 348,9
100 | Hospital of emergency aid 232,6
101 | Design office 48.8
102 | Navigators’ club 26,7
103 | Stomatology polyclinic 169,8
104 | Cycle track 26,7
105 | Puppet-show 60,5
106 | The Minstry of Justice 143
107 | Youth Theater 868,8
108 | R/W Secondary school N1 174.,5
109 | Machinery Building technical school 290,8
110 | Main drug-store department 418,7
111 | Chemustry Industry 68,6
112 | Secondary school N28+Music school N2 93,04
113 | Hostel of R/W technical school 209,3
114 | City hospital N2 514
115 | Engine-drivers school 68,6
116 [ R/W technical school 162,8
117 | Cinema “October” (“Apolo”) 46,5
118 | Railwayman club 407,05
119 | Cinema “Amiran1” 48,8
120 | Phiulharmonic (music center) 193,1
121 | District committee 163,9
122 | Secondary school N101 73,3
123 | Institute of professional diseases 127,9
124 | Library 87,2
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| 125 | Ocular polyclinic l 188
Table - dl (end )
] 2 3
126 | Kindergarten 50
127 | Center of Ferrous Metallurgy Residues 30,2
128 | Gantiad: 104,67
129 | Thilis1 artillery school 20934
130 | Hydrometeorology services’ Institute 697.8
131 | “Kavgiprotrans1” 639,7
132 | Children Hospital N2 197,7
133 | Institute of Parasitology 151,2
134 | School of mentally disabled children 244 2
135 | Market of 1 May district 58,2
136 | R/W kindergarten N1 46,5
137 | Kalinin1 Factory 228
138 | Trolley-bus department day care kindergarten 72
139 | Trolley-bus department kindergarten 72
140 | Training institute of teachers 1512
141 | Secondary school N18 167.5
142 | Kino studio 1825,9
143 | Construction-installation department N8 16,28
144 | Music Theater 325,6
Total 55 507,6

474 sites - 110771 kW (thermal)
144 admimstrative and public sites - 55 507,6 kW (thermal)
330 dwelling sites - 55 263,4 kW (thermal)




Table - d2 Design technical parameters of Thiliss CHPP power units

Table -d2, a- Boiler units

N | Unit Type Station | Steam Steam parameters | Rated
N produc- | Pressure Temper | heat
tivity, bar °c product
tones/h
112 3 4 5 6 7 8
1 | Power boiler unit { #-50 1, 2 50 40 440 -
2 | Power boiler unit | Te-35 3 35 43 450 -
3 | Power boiler unit | *-35 4 35 43 450 -
4 | Peak water sese_50) - - - - 58,1
heating boiler
Table - d2_b- Turbo units
Turbine type *-6 ”_6
(*-6-35/5) (*-6-35)
Station number 1 2, 3
Rated el capacity, MW 6 6
Bleeding rated heat capacity,
MW 25 22,5
Generated steam
pressure bar 35 35
temperature, °c 435 435
consumption 1n heating mode, tone/h 55,8 423
consumption in condensation mode , tone/h | 28,2 279
Waste steam pressure, bar 0,05 0,05
“Cooling” water
temperature, °c 25 25
consumption, m’/h 1850 1850
Steam during heat bleeding
pressure, bar - 1,2-2,5
temperature, oc - 127-185
consumption, tone/h - 35
Steam during industrial bleeding
pressure, bar 5 -
temperature, °c 230 -
consumption, tone/h 40 -
Steam maximum consumption
in high pressure cylinder, tone/h - 25
1n low pressure cylinder, tone/h - 47,6




Table -2, g -Heating unat

Main boiler Peak boiler Peak heater of
network water
Type of heat exchanger *0-200 o115 00.315-3-23
Heat capacity, MW 10 8.7 32.8
Number 2 2 1
Heating steam
pressure, bar |25 5 254
temperature, e 175 220 127 - 144
consumption, tonn/h | - - 86 5-88,5
Network water
consumption, tonn/h | 345 300 1130
heating, °c 25 25 25
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generated thermal energy tariff during the different modes of plant operation

(before reconstruction-modernization)

1 - Option - el power generation 16218 MW#*h/year generation of thermal energy -

38880 MW*h/year

2 - Option - el power generation - 34344 MW*h/year generation of thermal energy -

38880 MW *h/year

3 - Option - el power generation - 52470 MW*h/year generation of thermal energy

38880 MW*h/year

4 - Opuion - el power generation - 114098 MW *h/year
38880 MW*h/year

5 - Option el power generation - 110282 MW*h/year
77760 MW *h/year

6 - Option el power generation 106466 MW *h/year
116640 MW *h/year

generation of thermal energy -
generation of thermal energy -

generation of thermal energy -



Table - d4 Option 1

CHPP TECHNICAL ECONOMICAL PARAMETERS DURING THE DIFFERENT MODES
OF TURBINES’ OPERATION BEFORE RECONSTRUCTION-MODERNIZATION

OPTION 1

POWER UNITS 0-6-35

Fuel - N gas

Fuel heat capacity MJ/a cub m 32 682

Fuel price without VAT GEL/n cub m 0075

Operation mode n "cold" pertod (CP} |- TK

Operation mode m ""'warm'' period (WP)|-

Operation duration CP h 3600

Operation duration WP h

El capacity, gross, CP MW 53

El efficiency, gross, CP % 41616

El power for station service, CP % 15

El efficiency, net, CP Do 35 3736 0 0
CF spectfic consumption for power gCFkW/h 347 7168} FALSE | FALSE
generation, CP

NF specific consumption for power n cub m/kW/h 0312054 FALSE FALSE
generation, CP

El capacity, net, CP MW 4 505 0 0
El power generation, CP MW*h 16218 0 0
{EL capacity, gross, WP MW

EL efficiency, gross, WP .~ . " 19

EL power forstation service, WP’ A%

Bl efficiency, net, WP 4% 0 0 0
CF spémﬁc consamption for power - gCF/kW/h FALSE | FALSE | FALSE
generation, WP - ML

Wspwﬁacoﬁsummw%rm n cub m/kW/h 0| FALSE | FALSE
generation, WP - <.~ —

Bl capacity; net, WP *~ 7 .~ ~ IMW 0 0 0
Fl power genexation, WP» ¥ > -~ |[MW*h 0 0 0
Heat capacity, gross, CP_~ . -, - « |MW 144

Heat efficiency, gross, CB___ "« * 7 7% 816

Heat power for staizmsemce * Inmm % 25

?:eatmgmm, s

Heat ﬁiczemfy ner, CF. R L) 612 0 0
€$ﬁp&qﬁkamﬁmnwﬁhﬁﬁn}mmwr””%i g CF/AW/h 2009804] FALSE | FALSE
generation, CF e S

NF wzﬁc mw@twﬂfor pawef e |1 cub mAW/h 0 180367 FALSE | FALSE
generation, CP~ = -~ w3 L0 - <

Heat capacity, net, CP T =MW 108 0 0
Eﬂ%ﬁpvwarm%wnﬁxm CP- . “IMW*h 38880 4] 0

53

4 505
16218

o

144

108
38880




Table - d4 Option 1

Heat capacty, gross, WP MW
Heat efficiency, gross, WP %
Heat power for stafion service + losses m | %
theating main, WP -
Heut efficiency, net, WP % 0 0 0
CF specific consumption for power gCF/kW/h FALSE | FALSE | FALSE
eneraton, WP <
E% specific-consumption for power n cub m/kW/h 0| FALSE | FALSE
generation, WP - - > -
Heat capacity, net, WP . MW 0 0 0
Heat power generation, WP MW*h 0 0 0
pnal P
El power generation, CP MW¥*h 16218 0 0
Fuel consumption for el power generation, jthous ncubm 5060 886 0 0
CP
Expenses for fuel purchase {(el}, CP thous GEL 379 5665 0 0
‘Thermal power generation, CP MW#*h 38880 0 0
Fuel consumption for thermal power thous ncubm 7012 67 o 0
generation, CP
Expenses for fuel purchase (thermal) CP  [thous GEL 525 9502 0 g
Total fuel consumption, CP thous ncubm 12073 6 0 L]
Total expenses for fuel purchase, CP thous GEL 905 5167 0 0
El power generation, WP MW#h 0 0 0
Fuel consumption for el power generation, {thous ncubm 0 0 0
WP
Expenses for fuel purchase {e]), WP thous GEL 0 0 0
Thermal power generation, WP MW#*h 0 0 0
Fuel consumption for thermal power thous ncubm 0 0 0
|generation, WP
Expenses for fuel purchase (thermal), WP {thous GEL 4] 0 0
Total fuel consumption, WP thous ncubm 0 0 ")
Total expenses for fuel purchase, WP thous GEL 0 0 0
¥ [3
El power annual generation MW*h 16218 O 0
Annual fuel consumption (el ) thous ncubm/yvear | 5060 886 0 0
Expenses for fuel purchase (el ) thous GEL/vear 379 5865 0 0
Thermal power annual generation MW*h 38880 0 g
Annual fuel consumption {thermal) thous n cub m/year 7012 67 0 0
Expenses for fuel purchase (thermal) thous GEL/vear 525 9502 0 ¢

[e]

16218
5060 886

373 5665

38880
7012867

525 9502

12073 56
905 5167

0
0

0

16218
5060 886
379 5665

38880
701267
525 9502



Table d4 Option 1

Total arnual fuel consumption thous n cub m/year 12073 56 0 0i 12073 56
Annual expenses for fuel purchase (fotal} thous GEL/year 905 5167 0 0} 9055167
Annual operation-repair expenses thous GEL/year 1000 0 0 1000
El share m operation-repair expenses thous GELfyear 4191711} FALSE | FALSE | 4191711
{according to the fuel consumption)
Thermal share m operation-reparr expenses Jthous GEL/vear 5808289F FALSE | FALSE | 5808289
(according to the fuel consumption)
Total expenses (el ) thous OEL/year 798 7376 0 0f 7887376
El power prime cost t/kW/h 4 925007| FALSE | FALSE |4 92501
Acconntable profit (el ) % 10 10 10 10
El power accountable cost kWi 5417508 0 O 5417508
VAT (el ) % 20 20 20 20
El power estimated tanff kWi 8 501009 ¢ 0] 6501009
El power established tariff t/kW/h 6 0 0 6
Income from el power realization thous GEL/year 973 08 0 0 97308
(established tariff)
VAT (el ) n the budget thous GEL/year 162 18 0 0 162 18
El power cost t/kWh 5| FALSE | FALSE 5
Profit (el ) thous GEL/year 12 16238 0 0! 12 1624
% 15227 FALSE | FALSE 15227
Total expenses (thermal) thous GEL/year 1106 779 0 Of 1106779
Thermal power prime cost t/kW/h 2846654 FALSE | FALSE |2 84665
Accountable profit (thermal) % 10 10 10 10
Thermal power accountable cost t7kWih 3131319 0 0} 3131319
VAT (thermal) %% 20 20 20 20
Thermal power estimated tarsff tKW/h 3 757583 0 0 3757583
Thermal power established tanff t/kWrh 3 757583 0 0| 37576
Income from thermal power realization thous GEL/year 1460 948 0 0] 1460 948
(established tariff)
VAT (thermal) in the budget thous GEL/year 243 4914 0 0] 243 4914
Thermal power cost t/kW/h 3131319] FALSE | FALSE | 3131319
Profit (thermal) thous GEL/year 110 6779 0 0(110 678
% 10| FALSE | FALSE 10
Total profit (+) or loss (-) thous GEL/year 122 8403 0 o| 122.8

’U’)




Table d4 Option 2

CHPP TECHNICAL-ECONOMICAL PARAMETERS DURING THE DIFFERENT MODES

OF TURBINES’ OPERATION BEFORE RECONSTRUCTION MODERNIZATION

OPTION 2
POWER UNITS 0-6-35  |M-6-35/5

Fuel - N gas N gas
Fuel heat capacity MJ/n cubm 32 682 32 682
Fuel price without VAT GEL/n cubm 0075 0 075
Operation mode m "cold" peniod (CP){~ TK K
Operation mode n "warm" period -

(WP)
Operation duration CP h 3600 3600
Operation duration WP h

El_capacity, gross, CP MW 53 53
El efficiency, gross, CP % 41 616 25 296
El power for station service, CP % 15 5
El efficiency, net, CP % 353736 240312 0
CF specific consumption for power gCFKW/h 347 7169| 5118348 FALSE
generation, CP
NF specific consumption for power n cub m/kW/h 0312054] 0459339] FALSE
generation, CP
El capacity, net, CP MW 4 505 5 035 0
£l power generation, CP MW*h 16218 18126 0

{EL capacity, gross, WP - MW
I, efficiency, gross, WP - 1%

{El. power for stabon serviee, WP "~ 1%

VBl efficiency, net, WP % 0 0 0
CF specific consumption for power gCF/kW/h FALSE | FALSE | FALSE
generation, WP : .

INF specific constmption for power ™ - {n cub m’kW/h 0 0| FALSE
genershon, WP -

El capacity, get, WP MW 0 0 0
[El power generation, WP  __{MW*h 0 0 0
Heat capacity, gross, P~ . T MW 144
Heat efficiency, gross, CP % 816
[Heat power for station service + losses % 25

{orheating mam, CP - - .
 Heut efficiencey, net, CP - % 612 g 0
CF spectfic conswmption for power -{gCF/AW/h 2009804} FALSE | FALSE

energtion, CP .

WNE specific consumption for power 4An cub m/kW/h 0 180367 0l FALSE
generation, CP_~
Heat capacity, net, CP T AMW 108 o 0
Heat power genergtion, CF ! MW*h 38880 0 0

106

954
34344

144

108
38880

Wi



Table d4 Option 2

Heat capacity, gross, WP MW

Heat efficiency, gross, WP %

Heat power for station service + losses %

n Izeatwgmam, wp

Heat efficrency, net, WP s % 4] 0 0

CF specific consumption Jor power gCFAW/h FALSE | FALSE FALSE

generation, WP

NF specific consuniption for power n cub m/kW/h 0 0| FALSE

generation, WP

Heat capacuy, net, WP MW 0 0 0

Heat power generation, WP - _ MW*h 0 0 4]

0 F)

El power generation CP MW#h 16218 18126 0

Fuel consumption for el power thous ncubm 5060 886| 8325 974 0

generaton, CP

Expenses for fuel purchase (el) CP thous GEL 379 5665 624 4481 O

Thermal power generation, CP MW*h 38880 0 4]

Fuel consumption for thermal power thous ncubm 7012 67 o 0

generation, CP

Expenses for fuel purchase (thermal), CP]thous GEL 525 9502 o o

Total fael consumption, CP thous ncubm 12073.6] 8325.97 0

Total expenses for fuel purchase, CP |thous GEL 905 5167| 624 4481 0

El power generation, WP MW#*h 0 0 0

Fuel consumption for el power thous ncubm 0 0 0

generation, WP

Expenses for fuel purchase (el), WP thous GEL 0 0 0

Thermal power generation, WP MW*h 0 0 0

Fuel consumption for thermal power thous ncubm 0 0 0

generation WP

Expenses for fuel purchase (thermal),  |thous GEL 0 0 0

WP

Total fuel consumption, WP thous ncubm 0 0 0

Total expenses for fuel purchase, WP jthous GEL 0 0 0
P m

El power annuai generation MW#h 16218 18126 0

Annual fuel consumption {el ) thous 5060 886] 8325 974 0

1 cub miyear

Expenses for fuel purchase (el ) thous GEL/vear | 379 5665] 624 4481 0

Thermal power annual generation MW*h 38880 g 0

Annual fuel consumpton (thermal} thous 7012 67 0 0

n cub mfyear

34344
13386 86

1004 015

38880
701267

525 9502

20399 53
1529 965

0
0

0

34344
13386 86

1004 015

38880
702867

1y



Table d4, Option 2

[Expenses for fuel purchase (thermal)  |thous GEL/year | 525 9502 | 0} 0] 5259502
Total annual fuel consumption thous 12073 56| 8325 974 D} 20399 53
n cub m/year
Annual expenses for fuel purchase (total)jthons GEL/year | 905 5167] 624 4481 0] 15289865
Annual operation-repair expenses thous GEL/year | 591 8546] 408 1454 0 1000
El share m operation-reparr expenses  {thous GEL/year | 248 0884] 408 1454] FALSE | 656 2338
(according to the fuel consumption)
Thermal share 1n operation-repair thous GEL/year | 343 7662 0} FALSE | 3437662
expenses {according to the fuel
consumplion)
Total expenses (el ) thous GEL/year | 627 6549] 1032 593 0] 1660 248
El power prime cost t/kW/h 3870113 5696753| FALSE |4 83417
Accountable profit (el } % 10 10 10 10
El power accountable cost tkWih 4 2571241 6266428 0i 531759
VAT (el) %e 20 20 20 20
EL power estumated tanff kWih 5 108549 7 519714 Of 6381108
El power established tariff t/kW/h 6 6 0 6
Income from el power realization thous GEL/year 97308 1087 56 0} 206064
(established tariff)
VAT (el ) in the budget thous GEL/year 162 18 181 26 0 343 44
El power cost t/kW/h 5 5| FALSE 5
Profit (el ) thous GEL/year| 183 2451]-126 2935 0| 56 9517
% 29 19521|-12 23071] FALSE | 3 430311
Fotal expenses (thermal) thous GEL/year | 869 7165 G 0] 8697165
Thermal power prime cost t/kW/h
2236925/ FALSE | FALSE |2 23693
Accountable profit (thermal) % 101 10 104 10
Thermal power accountable cost /kWih 2 460618 0 0} 2460618
VAT (thermal) % 20 20 20 20
Thermal power estimated tariff kWi 2 852741 0 0] 2952741
Thermal power estabhshed tariff t/kWih 2952741 0 0| 29527
Income from thermal power reahization |thous GEL/year | 1148 026 0 0] 1148028
(established taniff)
VAT (thermal) in the budget thous GEL/year | 191 3376 0 0} 191 3376
Thermal power cost t/kW/h 2460618f FALSE | FALSE | 2460618
Profit (thermal) thous GEL/year | 86 97165 0 0| 86 9716
% 10} FALSE | FALSE 10
Total profit (+) or loss (-) thous GEL/year | 570 2168| -126 2935 o 1439

>



Table d5 Option 3

CHPP TECHNICAL-ECONOMICAL PARAMETERS DURING THE DIFFERENT MODES

OF TURBINES’ OPERATION BEFORE RECONSTRUCTION-MODERNIZATION

OPTION 3
POWER UNITS 0-6-35  |N-6-35/5 |0-6-35
Fuel - N gas N gas N gas
Fuel heat capacity MJ/n cub m 32682 32682 32 682
Fuel price without VAT GEL/n cub m 0075 0075 0 075
Operahon mode 1 Vcold" period (CP)]~ TK K K
Operation mode 1 "warm'' period -
(WP)
Operation duration CP h 3600 3600 3600
Operation duration WP h
El capaaty, gross, CP MW 53 53 53
El efficiency, gross, CP %o 41 616 25 296 25 296
El power for station service, CP % 15 5 5
El efficiency, net, CP %o 353736] 240312} 240312
CF specific consumption for power gCFAW/h 347 7169] 5118346, 5118346
eneration, CP
NF specific consumption for power n cub m/kW/h 0 312054] 0459339} 0 459339
generation, CP
El capacity, pet, CP MW 4 505 5035 5035
El power generation, CP MW*h 16218 18126 18126
[E} capacity, gross, WP« =~ - "MW
[EL. efficiency, gross, WP %
ElL power for station service, WP~ %
EL efficiency, net, WPy - > % 0 0 0
CF sgec&fmnsuinpﬁen for pﬁm gCF/kW/h FALSE | FALSE | FALSE
gemafwaf‘ﬁf? o ° L7
Nﬁmxﬁfz wnsam;mtm for gowa “-~1n cub m/kWrh 0 0 0
soneration, WP o7 &0 ¥
Bl capacity, et WP © - "o o IMW 0 0 0
Bl power generation, WP * . % ~ - ]MW*h 0 0 0
Heat capacuty, gross, CP T MW 144
{Heat efficiency, gross, CP_ - - *31% 816
Hent power for station semfw + imseg % 25
lin heating main, CP:* ~._ 377
Heat efficiency, net, CP . -+~ . 1% 612 0 0
C¥ specific msampmrr for power " <~ |§CF/AW/h 20098041 FALSE | FALSE
generation, CP - B A
NF specific ammpfwnfar Wz‘ <7 =1 cub m/AW/h 0 180367 0 o
gesicration, CP~ S
n?ieatcapaazy”mfﬂ? e - IMW 108 0 0
Heat power genpration, CF_, .~ |MW*h 38880 0 0

159

14 575
52470

14 4

108
38880

/4



Table d5 Option 3

Heat capacity, gross, WP MW

Heat efficrency, gross, WP %

Heat power for station: service + losses  {%

wmn heatmg main, WP

Heat efficiency, net, WP % 0 0 0

CF specific consumption for power gCF/kWih FALSE | FALSE | FALSE
neration, WP

NF specific consumption for power n cub m/kWrh 0 0 0

generauon, WP y

Heat capacity, net, WP MW 0 0 0

Heat power generation, WP MW*h 0 0 0

) .
El power generation CP MW*h 16218 18126 181286
Fuel consumption for el power thous ncubm 5060 886| 8325 974| 8325974
eneration, CP

Expenses for fuel purchase (el), CP thous GEL 379 5665] 624 4481] 624 4481

Thermal power generation CP MW+h 38880 0 0

Fuel consumption for thermal power thous ncubm 7012 67 0 0

generation, CP

Expenses for fuel purchase (thermal), CP|thous GEL 525 9502 0 0

Total fuel consumption, CP thous nacubm 12073 6| 8325.97| 832597

Total expenses for fuel purchase, CP  {thous GEL 905 5167| 624 4481} 624 4481

El power generation, WP MW#*h 0 0 0

Fuel consumption for el power thous ncubm 0 0 0

generation, WP

Expenses for fuel purchase (el), WP thous GEL 0 0 0

Thermal power generation, WP MW*h 0 0 0

Fuel consumption for thermal power thous ncubm 0 0 0

generation, WP

Expenses for fuel purchase (thermal), thous GEL 0 0 0

WP

Total fuel consumption, WP thous ncubm 0 0 (1]

Total expenses for fuel purchase, WP |thous GEL 0 0 0

P §

El power annual generation MW*h 16218 18126 18126
Annual fuel consumption (el ) thous 5060 886| 8325 974| 8325 974
1 cub mfyear
Expenses for fuel purchase (el ) thous GEL/vear | 379 5665] 624 44811 624 4481
| Thermal power annual generation IMW*h i 388801 0} 0l

o

52470
2171283

1628 463

38880
701267

525 9502

287255
2154 413

0
0

0

52470
2171283

1628 463

38880

o



Table -d5 Option 3

Annual fuel consumption (thermal) thous 701267 o o 701267
n cub m/year
Expenses for fuel purchase (thermal) thous GEL/vear | 525 9502 O 0] 525 8502
Total annual fuel consumption thous 12073 56| 8325 974] 8325974| 287255
n cub m/year
Annual expenses for fuel purchase (total)ithous GEL/year | 905 5167 624 4481 624 4481] 2154 413
Annual operation-repair expenses thous GEL/year| 420 3079| 289 8461} 289 8461 1000
El share i operation-repair expenses  [thous GEL/year | 176 1809] 289 8461| 289 8461 755 8731
(according to the fuel consumption)
Thermal share m operation-repamn thous GEL/year | 244 1269 0 0] 244 1269
expenses {according to the fuel
consumption)
Total expenses (el ) thous GEL/vear | 5557474 9142941} 914 2941] 2384 336
El power prime cost t/kW/h 3 426732| 5044103 5044103 4 54419
Accountable profit {el.) % 10 10 10§ 10
ElL power accountable cost kWrh 3 769405 5548513] 5548513] 4 998607
VAT (el ) P 20 20 20 20
El power estimated tanff kW/h 4 523286] 6 6582161 6 658216] 5 998329
El power established tariff vkW/h 6 6 ] 6 I
Income from el power realization thous GEL/year 973 08| 1087 56| 1087 56 31482
(established tanff)
VAT (el ) in the budget thous GEL/vear 162 18 181 26 181 26 5247
El power cost t/kW/h 5 5 5 5
Profit (el ) thous GEL/year| 255 1526 -7 994132| -7 994132( 239 164
% 45 91161 -0 87435| -0 87435| 10 03065
‘Total expenses (thermal) thous GEL/vear | 7700772 O 0] 7700772
Thermal power prime cost t'/kW/h
1980651] FALSE | FALSE | 198065
Accountable profit (thermal) % 10 10 10 10
Thermal power accountable cost tkW/h 2178716 0 0] 2178718
VAT (thermal) %o 20 20 20 20
Thermal power estimated tariff Yk W/h 261446 0 0] 261446
Thermal power estabhshed tariff tkWih 261446 0 0| 26145
Income from thermal power realization |{thous GEL/year | 1016 502 0 0] 1016502
(established tariff)
VAT (thermal) in the budget thous GEL/year 169 417 0 0} 168417
Thermal power cost t/kWh 2178716] FALSE | FALSE | 2178716
Profit (thermal) thous GEL/year | 77 00772 0 0| 77 0077
% 10| FALSE | FALSE 10
Total profit (+) or loss (-) thous GEL/year | 335 1503| -7 994132 -7 994132 316 2




Table -d6 Option 4

CHPP TECHNICAL-ECONOMICAL PARAMETERS DURING THE DIFFERENT MODES

OF TURBINES’ OPERATION BEFORE RECONSTRUCTION-MODERNIZATION

OPTION 4

POWER UNITS 0-6-35 |?-6-35/5 |0-6-35

Fuel - N gas N gas N gas

Fuel heat capacity MJ/n cubm 32 682 32682 32 682

Fuel price without VAT GEL/n cub m 0075 0075 0075

Operation mode 1 *cold” pertod (CP){- TK K K

Operation mode 1n "warm" period - K K K

(WP)

Operation duration CP h 3600 3600 3600

Operation duration WP h 4080 4080 4080

El capacity, gross, CP MW 53 583 53

El efficiency, gross, CP %o 41616] 25296 25.296

El power for station service, CP %o 15 5 5

El efficiency, net, CP % 353736] 2403121 240312

CF specific consumption for power gCEF/KkW/h 347 7169| 5118346; 511 8346

eneration, CP

NF specific consumption for power n cub m/AW/h 0312054} 0459339} 0459339

generation, CP

El capacity, net, CP MW 4 505 5035 5 035

El power generation, CP MW*h 16218 18126 18126

El capacity,gross, WP~ . MW 53 53 53

El efficiency, pross, WP~ % 25296 25296] 25296

ElL power for station’ hid ol %o 5 5 5
Bl efficiency, net, WP~ . - % 24 0312] 24 0312] 240312
|CFspecific consumption fap‘ power - [gCF/kW/h 511 8346| 511 8346 5118346

eneration, WE -

R Wzﬁﬁcgﬁsmmmform n cub m’kW/h 0 459339| 0459339 0459339
{EL capacity, net, WP - MW 5 035 5035 5035
L powér generation, WP - -~ IMW*h 20542 8] 205428 20542 8
E&%ataqm:ii&gtm, cP, - Mw 144

Heate@?cfmm gross, CP -~ % 816

et wwfomtatm service -Fioms’ % 25
}zezztmgrmizr, cre v
Heat efficiency, net, CP v c o % 612 g 0
Fﬁ@mqﬁéam@g@g&%ﬁ%&mﬁmw " |gCFAW/R 2009804 FALSE | FALSE
generation, CPT°27 e - "

i&’? spfgeﬁif é@m@m ﬁwpa”‘“ er.. . {ncub mkWi 0 180367 0 0

zfeawigmfty,m,c? L - MW 108 0 0

Heat power generation, CP - ~{MW*h 38880 0 0

159

14 575
52470
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15105
61628 4

144
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38880
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Table -d6 Option 4

Heat capacity, gross, WP MW
Heat gfficrency, gross, WP %
Heat power for station service + losses %
w heating main, WP -
Heat efficiency, net, WP~ % 0 0 0
CF spectfic consumption for power gCF/W/h FALSE | FALSE | FALSE
neration, WP -~
NF specific consumption for power n cub m/kW/h 0 0 0
generaton, WP
Heat capacity, net, WP MW 0 0 0
Heat power generation, WP MW*h 0 0 0
0 [
El power generation, CP MW*h 16218 18126 18128
Fuel consumption for el power thous ncubm 5060 886 8325 974| 8325974
generation, CP
Expenses for fuel purchase {el), CP thous GEL 379 5665] 624 4481] 624 4481
Thermal power generaton CP MW#*h 38880 0 0
Fuel consumption for thermal power thous ncubm 7012 67 0 o
generation, CP
Expenses for fuel purchase (thermal), CP|thous GEL 525 8502 g 14
Total fuel consumption, CP thous ncubm 12073 6| 8325.97| 832597
Total expenses for fuel purchase, CP  |thous GEL 905 5167| 624 4481} 624 4481
El power generation, WP MW#*h 20542 8] 20542 8] 205428
Fuel consumptzon for el power thous ncubm 9436 104 9436 104| 9436 104
generation, WP
Expenses for fuel purchase (el), WP thous GEL 707 7078] 707 7078| 707 7078
Thermal power generation, WP MW#*h 0 0 0
Fuel consumption for thermal power thous ncubm 0 0 0
generation, WP
Expenses for fuel purchase (thermal), |thous GEL 0 0 0
WP
Total fuel consumption, WP thous ncubm 9436 1 9436 1 9436 1
Total expenses for fuel purchase, WP {thous GEL 707 7078] 707 7078] 707 7078
| P i1
El power annual generation MW*h 36760 8] 38668 8] 38668 8
Annual fuel consumption (el ) thous 14496 99| 17762 08, 1776208
n cub m/vear
Expenses for fuel purchase (el ) thous GEL/vear | 1087 274 1332 156] 1332 156
| Thermal power annual generation IMW*h 388801 0} 0}

52470
21712 83

1628 463

38880
701267

525 9502

287255
2154 413

61628 4
28308 31

2123123

0
0

0

28308 31
2123 123

114008 4
50021 15

3751 586

38880




Table d6 Option 4

Annual fuel consumption (thermaly thous 7012 67 o 0f 701287
n cub mfyear
Expenses for fuel purchase {thermal) thous GEL/year | 525 9502 g g 5259502
Total annual fuel consumption thous 21509 66| 1776208 17762 08| 57033 82
n cub m/year
Annual expenses for fuel purchase (total){thous GEL/year | 1613 225| 1332 156 1332 156] 4277 536
Annual operatton-repair expenses thous GEL/year| 377 1387| 311 4306 311 4306 1000
Bl share i operation-repair expenses  [thous GEL/vear | 254 1824] 311 4306} 311 4306| 877 0437
(according to the fuel consemption}
Thermal share m operation-repay thous GEL/fyear | 122 9563 0 0] 122 9563
expenses {(according to the fuel
consumption}
Total expenses {el ) thous GEL/year | 1341 457] 1643 587| 1643 587| 462863
El power prime cost t/kW/h 364915| 425042 425042 4 0567
Accountable profit (el.) % 10 10 10} 10
El power accountable cost tAAWih 4 0140685] 4 676462] 4 675462] 4 46237
VAT (el) % 20 20 20 20
El power estimated tanff kW 4 816878} 5610555 5610555] 5354844
El power established tariff t/kW/h 6 6 6 6 |
Income from el power reahzation thous GEL/year | 2205 648| 2320 128| 2320 128] £845 804
(established tanff)
VAT (el ) n the budget thous GEL/year 367 608} 386 688] 386 688] 1140984
El power cost t/kW/h 5 5 5 5
Profit (el ) thous GEL/year | 496 5833| 289 8535| 289 8535| 1076 29
% 37 01822] 17 63542| 17 63542] 23 25289
Total expenses (thermal) thous GEL/year | 648 9066 0 0] 648 9066
Thermal power prime cost t/kW/h
1668998 FALSE | FALSE 1669
Accountable profit (thermal} % 10} 10 10 10
Thermal power accountable cost W/ 1 835898 0 0} 1835898
VAT (thermal) % 20 20 20 20
Thermal power estimated tariif t'kWih 2 2053078 0 D} 2203078
Thermal power estabhshed tanff t/kW/h 2 203078 0 0l 22031 I
Income from thermal power reahzatuon [thous GEL/year | 856 5567 0 0| 856 5567
established taniff)
VAT (thermal) in the budget thous GEL/year | 142 7594 0 0} 1427594
Thermal power cost t/kW/h 1835898] FALSE FALSE | 1835898
Profit (thermal) thous GEL/year| 64 89066 0 0| 64 8907
% 10| FALSE FALSE 10
Total profit (+) or loss (-) thous GEL/year | 5g1 474| 289 8535| 2898535 1141

]L‘(
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USAID Delivery Order No 11 Statement of Work



BURNS AND ROE DELIVERY ORDER NO
FY1595

GEORGIA TECHNOLOGY SERVICES SUPPORT

ATTACHMENT NO 1
STATEMENT OF WORK

GEORGIA

SECTION I BACKGROUND

Twelve newly independent states (NIS) emerged from the collapse of the former
Soviet Union in 1991 USAID 1s addressing and managing assistance to these
countries through its Bureau for Europe and the New Independent States
(USAID/ENI) Funding activities in the energy and energy-related
environmental sectors generally support the cost of technical assistance,
training, feasibility studies, and limited capital assistance in support of
energy-related equipment and collaborative activities with local institutions

USAID/Caucasus 1s expanding 1ts energy program in Georgia, with the objectaves
of assisting Georgia's institutional and regulatory reforms needed to attract
the praivate sector, i1mplementing existing conservation and energy efficiency
programs in the industrial and residential sectors, and aiding its efforts ain
developing indigenous energy resources such as geothermal

USAID has recently established a strategy for U S assistance to Georgia for
FY 1994-1996 to embark on a path of strong and sustainable economic growth in
a market environment, while moving to restore and surpass 1991 GNP and
per-capita income levels by the end of the decade

The strategic objectives for 1994-1996 to accomplish this goal are

1) To provide emergency assistance to Georgia’s most vulnerable groups and
simultaneously develop selected components of a social safety net that
will endure beyond the immediate crisis

2) To establish a climate and enabling institutions for efficient,
competitive private-sector markets while stabilizing the economy

3) To provide adequate energy for sustainable economic growth and improved
quality of life by expanding domestic energy supplies and improving the
efficiency of energy consumption

Initial assistance in Georgia has proven there are considerable opportunities
to reduce energy consumption and environmental degradation There 1s also a
need to reduce emergency short-term fuel shortage concerns and to increase
coordination among the governmental energy sectors

USAID 1is providing support to Georgia through its Mission in Yerevan (capital
of Armenia) and through existing and planned field resident comtractors
involved in energy efficiency, geothermal assessment, and regulatory and
institutional studies Analytical studies are underway in support of funding
decisions by the World Bank and the European Bank for Reconstruction and
Development (EBRD) USAID 1is also funding the US Energy Association

(USEA) -sponsored utility-to-utility partnerships between U S and Georgian
organizations

SECTION II OBJECTIVES AND APPROACH

The objective of this delivery order is to address the critical emergency
needs of the energy sector by expanding domestic energy supplies and by



improvaing the efficiency of energy consumption This objectaive 1is to be
achieved in terms of demonstrating visible and quantifiable results which can
be seen by the average person on the street as urgently needed The scope of
work to achieve this objective comprises a number of specific tasks, each
having 1ts own objective which are defined below

The work shall be accomplished in two parts In Part I the objective shall be
to develop a detailed Work Plan The method shall involve a reconnailssance
visit by the Contractor s team to the field to identify the counterpart
personnel, obtain needed data investigate specific sites relevant to the
work, and undertake other efforts perceived as needed in order to develop
further details for the tasks identified below The Contractor will organize
the tasks so further defined into a plan of work promising efficient and cost-
effective completion, summarize the results, and provide a detailed work
statement for each task The plan shall include the identification and

qualifications of the personnel selected to perform the work

The Contractor shall perform the work in Part I in collaboration with the
USAID Mission in Yerevan Upon completion, the Contractor shall submit the
Work Plan to the Mission in Yerevan for review, comment, and approval The
Contractor shall attach its estimated budget for completion of the planned
work to the Work Plan Upon approval, the Contractor shall perform the
approved work as Part II

SECTION III SCOPE OF WORK

Task 1 TBILISI DISTRICT HEATING SYSTEM IMPROVEMENT PROGRAM
1 Summary Description of Work

Perform the appropriate analyses in order to provide technical assistance and
limited commodities to (1) develop an short-, medium-, and long-term
rehabilatation plan for the Tbilisi district heating system, and (11i) bring
more of the Tbilisi DH online by the winter of 1995/96 to service residential
customers

2 Relationship to Bureau Strategic Framework
This program lies within Strategic Assistance Area 1 of the Strategac
Framework developed by USAID’s Bureau for Europe & the New Independent States

Strategic Assistance Area 1 -- Economic Restructuring Foster the
emergence of a competitive, market-oriented economy in which the
majority of economic resources are privately owned and managed

Within Strategic Assistance Area 1, the Tbilisi District Heating System
Improvement Program activities contribute to the realization of the followang
Program Objective within the Strategic Framework

Program Objective 1 6 -- Promote sustainable use of natural
resources

For Program Objective 1 6, the relevant indicator for assessing the impact of
the Tbilisi District Heating System Improvement Program activities is

Impact Indicator -- Commercially viable private sector capability
developed to provide energy services, 1ncluding production and
distribution

Specific targets that will measure the contribution of the activities towards
the attainment of the Program Objective are still under development

3 Background
One of the Government of Georgia's main priorities for the immediate future is

the provision of heat to all economically viable consumers as well as to the




most vulnerable consumers, such as hospitals, orphanages, and schools USAID
has already funded and work 1s underway in evaluating and proposing a
rehabilitating plan the district heating systems for 23 key hospitals in
Tbilisi The resulting proposed rehabilitation work will be funded by a World
Bank loan The objective of this task 1s to provide a rehabilitation plan for
the city of Tbilisi and conduct a pilot rehabilitation metering, balling, and

collection project

In 1961 the Central Heat and Power Generation Department united all distract
and regional heat stations in Tbilisi and began the construction of new boiler
houses and networks At the present time the Tbhilisi Central Heat and Power
Generation system 1s made up of 47 regional and district boiler houses, which
represents a capacity of 3,600 Gcal/h and more than one thousand km of piping
Although schools are not connected, almost 90% of the town 1s connected to the
district heating system

Due to lack of maintenance, district heating systems in Tbilisi are in poor
condition and require considerable investment to be put back in working order
Energy 1is wasted at all stages of distribution - from production to
consumption For example, of 326 boilers in Tbalisi, 122 are out of order and
should be replaced, out of 1044 km of piping, 300 km are out of order and an
additional 170 km are in poor condition, there are no water meters or control

valves

According to a preliminary analysis by EU consultants, no more than

half of the district heating systems in Tbilisi should be rehabilaitated
Furthermore, the consultants recommend individual heating as the most
appropriate short-term solution to the district heating problem, although they
project rehabilitation of the district heating systems will be the most
profitable solution in the long run

4

Objectaives

The objective of this task 1s to evaluate the condition of the Tbilisa
district heating systems and, working with local authorities, to provide
immediate, medium and long-term proposals for providing heat, rehabilitating
the system, and, where necessary, for switching from district heating to other
forms of heating

5

Scope of Work

§§ec1f1cally, the Contractor will be responsible for the following tasks

1

Prepare Work Plan As a first step, the Contractor shall prepare a work
plan showing the method whereby, and the schedule in which, the tasks
will be accomplished, the personnel qualifications for those who will
perform the work, local personnel to be employed or seconded from local
organizations, and the schedule by which the work will be performed

The work plan shall address all the tasks specified below However, the
Contractor, 1f he deems 1t necessary, shall undertake a field
reconnaissance as a minimal effort in order to prepare the work plan

As a result, he may, with justification, modify the tasks below, delete
tasks, or add new tasks

The Contractor shall prepare a written report detailing the plan and
submit this for approval by the the Government of Georgia and USAID

Prepare a USAID Environmental Assessment Since this task will involve
the purchase and installation of a considerable volume of commodities
that could potentially result in a significant impact on the
environment, a brief environmental assessment as per USAID Environmental
Procedures (22 CFR 216) wi1ill be prepared to identify potential impacts
and actions that can be taken to mitigate any negative environmental
consequences This environmental assessment will be submitted to USAID
for approval, and those mitigation actions that can be taken by the
contractor will be incorporated into the detailed workplan before

proceeding



Assess the DH System Assess the current status of district heating
system 1in Tbilisi through consultation with the Government of Georgia
the Municipality of Thilisi s Heat Committee, international financial
institutions, and various Western consultants The Contractor should
also refer to any exasting studies on the subject done by Georgian or
outside consultants Two such reports are "Development of an Energy
Policy in Georgia," TA-CIS/92/EGE001, "Interim Report, Sectoral Working
Paper No 6, Rehabilitation of Urban District Heating Systems, " prepared
by Robert Bonnemaison Sofresid-Caliqua, October 1394 and "Development
of an Energy Policy 1n Georgia (TA-CIS/92/EGE001) Final Main Report
(Draft)," January 31, 1995 This assessment should include the
collection of operating data and the determination of system heat
balances

Proposed Rehabilitation Plan Develop a strategy for district heating
rehabilitation and development for Tbilisi for the immediate-, short-
and long-term This strategy should address but not be limited to the
following

a As most boilers are designed to operate on natural gas which is
frequently lacking, the Contractor should evaluate the possibility
of converting some or all boilers to other types of fuels
(1ncluding mazut, coal, and geothermal)

b Identi1fy alternatives for optimizing the district heating system
For those systems that must be shut down (in either the long or
short term), provide suggestions as to alternative forms of
heating This recommendation should be based on a thorough
technical and economic comparison 1n each district with other
means of heating The cost of equipment, efficiencies, fuel and
maintenance costs should be taken into account

c Evaluate the potential future need for the construction of new

capacity .
d Include a proposal to run part of the heating units for winter

95/96
e Develop budgetary capital, operating and maintenance cost

estimates for the proposed rehabilitation plan A listaing of
equipment in need of maintenance, repair or replacement should be

included
£ Identify potential financing sources for system upgrade projects
g The plan should also 1include the pilot installation and

replication of collection, metering, billing, and control systems
to support the future commercialization of the DH company

Provide Limited Spare Parts and Materials Procure critically needed
{(materials for the pilot project described below should have priority)
commodities and spare parts to renovate and operate the boilers and
daistribution pipelines as follows

a Based on the proposed rehabilitation plan, provide suggested
purchase order, including product costs (in US dollars), shipment
and delivery, to USAID for approval

b Upon approval by local authorities and USAID, procure the spare
parts using USAID funds covered by the purchase order
c As the procurement process proceeds, work together with designated
Georgian authorities in order to provide them with training in
procurement methods for future use .

/>



d Monitor shipment armd delivery to end users

Task 2 NATURAL GAS TRANSMISSION SYSTEM UPGRADE

1 Summary Description of Work

Perform the appropriate technical analyses i1n order to provide technical
assistance and limited commodities to (1) assess the condition of the natural
gas transmission system providing gas to both Georgia and Armenia, {11)
improve the operational efficiency and safety of the transmission system by
reducing losses, improving throughput, and enhancing data acquisition and
control systems

2 Relationship to Bureau Strategic Framework
This program lies within Strategic Assistance Area 1 of the Strategic
Framework developed by USAID’s Bureau for Europe & the New Independent States

Strategic Assistance Area 1 -- Economic Restructuring Foster the
emergence of a competitive, market-oriented economy in which the
majority of economic resources are privately owned and managed

Within Strategic Assistance Area 1, the Natural Gas Transmission System
Upgrade activities contribute to the realization of the following Program
Objectave within the Strategic Framework

Program Obijective 1 6 -- Promote sustainable use of natural
resources

For Program Objective 1 6, the relevant indicator for assessing the impact of
the Natural Gas Transmission System Upgrade activities 1is

Impact Indicator -- Commercially viable private sector capability
developed to provide energy services, including production and
distribution

Specafic targets that will measure the contribution of the activities towards
the attainment of the Program Objective are still under development

3 Background
With few gas resources of its own, Georgia 1s dependent on imports from

Turkmenistan through pipelines entering via Azerbaijan and Russia The same
system providing gas to Georgia also provides gas to Armenia With the
breakdown of the Soviet economic system and ethnic strif within Georgia,
compounded by the Armenian-Azerbaijan conflict, the gas transmission company
has lacked the financial resources to pay for imported gas and to provide
proper maintenance for the frequently-sabotaged gas transmission system  With
the cooling down of conflicts in the region, the opportunity now exists to
enhance the operation of the transmission system to increase the delaivery of
natural gas to customers in both Georgia and Armenia

4 Obiectives
The objective of this task are to assist the Georgians to upgrade the existing

natural gas transmission system infrastructure to provide natural gas more
effectively to industrial commercial, and residential users in both Georgia
and Armenia The benefit will be to improve the delivery of energy services
to end users

5 Scope of Work
The contractor will be responsible for the following tasks

(1) Preparing a detailed workplan through consultations with
USAID/ENI/EEUD/EI, USAID/Caucasus the appropriate Georian departments &
ministries Sakgaz, and Saktransgaz EU TACIS, the EBRD, and the World



Bank The workplan will be submitted to USAID for approval

(2) Since this task will involve the purchase and installation of a
considerable volume of commodities that could potentially result in a
significant impact on the environment, a brief environmental assessment
as per USAID Environmental Procedures (22 CFR 216) will be prepared to
identify potential impacts and actions that can be taken to mitigate any
negative environmental consequences This environmental assessment will
be submitted to USAID for approval, and those mitigation actions that
can be taken by the contractor will be incorporated into the detailed
workplan before proceeding

(3) Review all previous reports on the gas system in Georgira, meet with
Saktransgaz and with other consultants as appropriate to discuss the
current situation, and visit selected facilities within Georgia to
investigate current conditions In concert with Saktransgaz, develop a
set of ranked cost-effective technical measures, including a list of
limited critical commodities, to increase the volume of gas transmitted
to customers in Georgia and to Armenia and submit these proposals to

USAID

(4) Once approval has been received from USAID, procure the equipment and
train Saktransgaz personnel in O&M as necessary to improve the
transmission of natural gas within Georgia Procurement includes

coordinating the purchase, shipping, and installation of the equipment

(5) Review and provide technical input to Saktransgaz’s current system
operations especially in the areas of comntrol, data acquisition, loss
assessment, and safety standards Develop a short- to medium-term cost-
effective plan for improving the technical operation of the transmission
system, including a list of limited critical commodities to be submitted
to USAID Upon USAID approval, procure the equipment and train
Saktransgaz personnel in O&M as necessary

(6) In cooperation with Saktransgaz, develop a long-term cost-effective plan .
for improving the technical operation of the transmission system
Assist Saktransgaz with developing pre-loan analyses for consideration
by the World Bank and other international financial institutions

(7) Training Select participants and provide a two-week workshop for
twenty to twenty five managers and technical personnel from Armgaz on
"Gas Transmission System Operations in the US and Europe" The course
should emphasize features of practical value to the Armenians The
Contractor should select participants that have an interest in what 1is
being taught and are offered the opportunity to apply what they learn to
advance their careers within the organization The courses should also
involve representatives of local institutions, such as business schools
or Universities, such that these representatives are trained to teach
these subjects to others The proposed candidates for training will be
subject to USAID approval

Task 3 SUGDIDI GEOTHERMAL ASSESSMENT

1 Summary Descraiption of Work

Perform the appropriate technical analyses in order to prepare (1) a
prelaminary analysis and (11) a pre-loan project assessment of the prospects
for establishing a viable, geothermally-fed district heating system in the
town of Sugdidi in the Republic of Georgia The results of this work will be
provided to the EBRD who will then decide on financing the project

2 Relationship to Bureau Strateqgic Framework
This program lies within Strategic Assistance Area 1 of the Strategic
Framework developed by USAID’'s Bureau for Europe & the New Independent States




Strategic Assistance Area 1 -- Economic Restructuring Foster the

emergence of a competitive market-oriented economy in which the
majority of economic resources are privately owned and managed

Within Strategic Assistance Area 1, the Sugdidi Geothermal Assessment
activities contraibute to the realization of the following Program Objective
within the Strategic Framework

Program Ob-ective 1 6 -- Promote sustainable use of natural
resources

For Program Objective 1 6, the relevant indicator for assessing the impact of
the Sugdidi Geothermal Assessment activities 1is

Impact Indicator -- Commercially viable private sector capability
developed to provide energy services, including production and
distribution

Specific targets that will measure the contribution of the activities towards
the attainment of the Program Objective are still under development

3. Background
The European Bank for Reconstruction and Development (EBRD) has funded a study

of the "Geothermal Resources of the Republic of Georgia" by the Icelandic firm
of Virkir-Orkaint Consulting Group Ltd of Reykjavik Its report 1is available
and 1s dated July 1994 The information below 1s extracted, or otherwise
derived, from the information in this report The Virkair-Orkint report 1is
incorporated in this Statement of Work by reference

Sources for geothermal energy are widely distributed throughout the Republic
of Georgia These sources have been estimated to have a cumulative potential
to provide as much as 100,000 cubic meters (26 million U S gallons) of hot
water per day at temperatures ranging from 60°C (140°F) to 108°C (226°F) If
the reference temperature for the return of the geothermal water is 35°C
(95°F), then the total potentially useful thermal energy from these sources
would range from 25,000 to 72,700 Gigacalories per day (99 billion to 289
billion Btu/day) This quantity of thermal energy 1s equivalent to the
combustion at 80% efficiency of 3,100 to 9,100 tons of residual fuel oal
(mazut) per day

One particular source 1s the geothermal area adjacent to the town of Sugdida,
near the seacoast At least eight productive wells are reported, with a total
present flow rate of 26,800 m’ per day, or 310 liters per second (79 5 U §
gallons per second) There 1s conflicting information on flow rates, since
another report places this at 14,030 m® per day, or 165 liters per second If
downhole pumping 1s employed, which can double or triple the flow, and using
the higher flow rate figure, the geothermal energy in this area seems
sufficient to support the space heating and hot water needs of a population of
100,000 to 150,000 persons in this area, and possibly also, the thermal energy
needs of such industries as chicken farms, vegetable growing, and tea dryaing

Geothermal reservoir sustainability through reinjection of water could affect
the pressure in the reservoir, the temperature in the reservoir, and possibly
cause a breakthrough of the cooler water to the production wells Pressure
changes can be predicted with reasonable confidence, but reinjection tests
lasting some months or years may be necessary in order to test the effect of
temperature distribution within the reservoir and the chemistry of the water
in terms of potential for the deposition of solids within equipment

The town of Sugdiadi 1is reported to have had a geothermally sourced dastrict
heating system 1n the past but the entire surface piping system has been
destroyed and would have to be rebuilt

The Government of the Republic of Georgia has requested that the EBRD assist

Ul



in preparing a district heating project for Sugdidi to utilize geothermal
energy USAID has agreed to fund a pre-loan project assessment and provide
the services of a competent firm to undertake the tasks involved This
Statement of Work specifies the i1nitial objective for this assistance and the
tasks to be undertaken and completed in order to achieve this objective

4 Objectaives
The goal of the work 1s to complete a pre-loan project assessment of the

prospects for establishing a wviable, geothermally fed district heating system
for the town of Sugdidi in the Republic of Georgia in terms of determining
whether or not there 1s justification for undertaking further, in-depth
analysis aimed at financing a project

Accordingly, the iniatial objectives for the work are

- to undertake a preliminary analysis of the factors and elements which
would enter into a more detailed pre-loan assessment meeting
international standards of credibilaity, and which could be viewed by a
lending agency as "bankable",

- to specify the tasks to be undertaken to establish such an assessment,
and

- to analyze the risks associated with such tasks that the results may not
be attractive for financing

5 Scope of Work
The scope of the work shall be limited to exploring and evaluating the

elements of a pre-lcoan assessment to the extent that the more definitive tasks
can be i1dentified and specified, and the risks against a successful outcome
analyzed The scope of the work shall also encompass the extent to which the
geothermal resources at Sugdidi could provide space heating and hot water for
the town, and the heating of fish ponds and greenhouses Finally, the scope
of work shall consider the institutional aspects of ownership, management, and
potential financial attractiveness of the geothermal district heating system

No field testing of the geothermal source is anticipated for the work

However, the Contractor may provide equipment not available locally for taking
measurements, such as flow rates, temperatures, and water analyses which he
believes are needed for the purposes of the work

The work will be done in two phases a preliminary assessment followed by a
more detailed pre-loan analysis The work in both phases 1s similar The
difference 1s that in Phase I, the depth of detail should be the minimum and
only enough so that the results can justify undertaking the second phase In
Phase II, the level of detail should be adequate to meet the requirements of a
lending agency (in this case the EBRD)} for the results to be bankable, 1 e ,
the lending agency accepts the results and undertakes its loan appraisal
process Phase II will only be undertaken i1f the results of Phase I dictate
that such a project 1s economically viable for an international loan In case
Phase II 1s not undertaken, the Contractor will prepare a revised, scaled-down
budget for discussion with and approval by USAID

Phase I Preliminary Analysis of the Potential for Geothermally Sourced
Distraict Heating in Sugdidi, Georgia

The Contractor will be responsible for the following tasks

1 Prepare Work Plan As a first step, the Contractor shall prepare a work
plan showing the method whereby, and the schedule in which, the tasks
will be accomplished, the personnel qualifications for those who will
perform the work, local personnel to be employed or seconded from local
organizations, and the schedule by which the work will be performed
The work plan shall address all the activities specified below .




However the Contractor, 1f he deems it necessary, shall undertake a
field reconnaissance 1in order to prepare the work plan He shall also
meet with officials of the EBRD for the purpose of consulting with them
and discussing results from the pre-loan assessment which the Bank
requires 1in order for the analysis to be internationally credible and
"bankable" As a result, he may, with justification, modify the tasks
below, delete tasks, or add new tasks

The Contractor shall prepare a written report detailing the plan and
submit this for approval by the EBRD, the Government of Georgia, and

USAID

Review of Existing Documentation The Contractor shall review all
available documentation, especially the Virkir-Orkint report mentioned
in the BACKGROUND above, giving particular emphasis to the nature of the
scientific flow measurements, production and maintenance history, past
system design, and water chemistry The objective of this review shall
be for the Contractor to assure himself that the geothermal potential
exists and appears adequate to proceed with the remaining activities

In the review, the Contractor shall pay particular attention to
distinguishing informed opinion from actual scientific data

Geothermal Resource The Contractor shall quantify the resource in
terms of total flow temperature levels and temperature variations, and
chemical analyses of the water This quantification shall be made in
terms of artesian flow and on judgment based on experience as to the
probable increase in flow from downhole pumpang

District Heating System Design From maps, surveys, and other field
investigations, the Contractor shall layout the pipaing runs for the
distraict heating system, including preliminary line sizing and pumping
station design The extent of the system shall be large enough to be
compatible with the expected production of thermal energy in the area,
such as will be estimated i1n item 4 below He shall consider two
options, one in which the distribution piping 1s above ground and the
other in which the pipang 1is buried In either option, the heat losses
from the distribution system and the temperatures of the return water
shall be estimated Provision shall be made for optional reinjection of
the returned water to the geothermal reservoir

Geothermal Water Production The Contractor shall establaish the
requirements for installations and equipment to rehabilitate the eight
existing geothermal wells as specified in the Virkir-Orkint report on
page 23, 1in sufficient detail to enable estimation of the geothermal
water production rates The requirements shall include, 1f necessary,
new wells for optional reinjection of returned water The Contractor
shall prepare preliminary estimates of the capital requirement

Demand Forecast The Contractor shall review the resident:ial and
commercial installations in terms of forecasting the demand for
geothermal energy He shall also review the local climatic conditions
to provide for prospective seasonal variations in demand Finally he
shall determine whether or not the system 1s to provide the non-return,
hot-water requirements of the consumers

The Virkir-Orkint report mentions that the practice in Georgia has been
to pipe the radiators in the houses i1in series 1 e , as a single loop
The prospects are that there 1s no past history in the area for metering
the energy consumption This means there 1s no easy temperature control
within the rooms, except by opening and closing windows with the
resulting heat losses The prospects are also that the houses are
provided with 1nadequate insulation and weatherproofing The Contractor
shall investigate the balance 1in investment requirements and
corresponding energy consumption savings aimed at optimizing the entire

7



10

11

system in terms of investment requirements, capacity and profitability

Revenue Stream Countries of the former Soviet Union have a history of
highly subsidized pricing policies not necessarily related to actual
consumption and lax collection of bills The Contractor shall establish
a basis upon which estimates can be made of the prospective revenue
streams to the district heating system This basis shall address the
ability of the population to pay tariffs which will be needed for
sustainable operation of the system The basis shall also consider the
means whereby the residential heating system piping could be redone with
costs to be absorbed in the tariff structure

The Contractor shall also determine the tariff basis for industrial
consumers

Operating Costs  The Contractor shall estimate from the results of the
activities above and the required staffing of the production and
distribution installations, the expected operating costs of the system
including the administrative costs of billing and collections

Ownership The prospects are that ownership will ultimately reside
entirely in a private sector company Initially, through the present
organizations, Sakburgeothermia and Geotherm Ltd, some or all of the
shares may be owned by the Government of the Georgia Republic The
Contractor shall specify the ownership structure and the management
needs of the facilaties He shall include a description of the company
as a potential borrower of a loan from the Bank, including the company’s
commercial and institutional setup and 1its relation to the Government
and cther local authorities

Preliminary Financial Analysis Based on all information which shall
have been established from the completion of the tasks above, the
Contractor shall perform computerized discounted cash flow analyses,
estimates of internal rates of return on equity investment, and net
present values The calculation shall be in spreadsheet form with
provision made for sensitivity analyses for the major inputs where
significant assumptions have been made

Financial data shall be allocated to local costs and to foreign exchange
costs Physical contingencies and financial contingencies, based on
international and local inflation rates, shall be added as well as
interest during construction

Preliminary Risk Analysis  The Contractor shall perform preliminary
risk analyses for the factors in the financial analysis where he has
made significant assumptions Significant factors are likely to be such
factors as the accuracy of the investment capital estimates, the
accuracy of the expected revenue streams, and the ratio between equity
and loan capital The risk analysis will show the effect on internal
rates of return for variations in these factors

Another risk factor which i1s primarily technical is the effect of
reinjection of return water on the geothermal reservoir characteristics
Part or all of the water could be returned, for example, to fish ponds
Such an option could impact on the sustainability of the geothermal
reservolr for the rate of withdrawal of geothermal water Understanding
the prospective behavior of the reservoir could involve a significant
test program

The Varkir-Orkaint Report discusses such a test program on page 24 as
follows

" Pumping the reservoirs with downhole pumps i1s [a]
relataively well-known production method, where the effect of
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pumping can be predicted with relatively high confidence The
experience from using reinjection in the production of geothermal
fluid 1s much more limited than from pumping Furthermore, the
reinjection process 1s much more complex than pumping The
components affected by reinjection are pressure in the
reservolr temperature in the reservoir and possibly breakthrough
of cold water to production wells, and finally the chemistry of
the reservoir fluid and possible depositions within the reservoir
In most cases, 1t 1s only the pressure changes caused by
reinjection which can be predicted with reasonable confidence
prior to operation Therefore, reinjection test lasting for some
months or years are usually performed before starting reinjection
at full scale in order to test the effect on the temperature
distribution and the chemistry within the reservoir "

"The reinjection tests so far carried out in Georgia have only
lasted for hours or at the most for days The long term
reinjection tests should be monitored carefully in order to map
the temperature and chemistry effects caused by the reinjection "

On the positive side, 1t appears that the chemical composition of the
geothermal waters in Georgia 1s 1in general favorable for utilization
Relatively low concentration of dissolved sclids means that the
geothermal water 1s usually pure enough for drinking and heat exchangers
are not necessary for utilizataion This 1s an aspect which the
Contractor shall confirm in the case of Sugdida

Presentation of Findings The contractor shall organize has findings as
a wraitten handout for a tri-partite meeting in Tbilisi among the local
authorities, the prospective Company to own the facilities, the EBRD,
and USAID He shall organize the presentations of the project during
this meeting for a full comprehension by the parties of his results The
presentations shall highlight the following

- A complete description of the facilities ({(including maps as
appropriate) which would be constructed, including retrofitting
installations in the user’s premises, rehabilitation and new
installations for extracting the geothermal resource, and the design of
the distribution system,

- A complete description of the prospective operations of the system,
tariff structures, billings and collections, seasonal variations in the
operations, maintenance practices, staffing and training needs, etc ,

- The environmental i1ssues involved in the construction and operation of
the facilities, and how they should be resolved,

- A complete discussion of the prospective financial attractiveness of
the project, 1including a listing of the significant assumptions made in
the work,

- A discussion of the assumptions and the risks implied i1n assuming
their validity,

- A descraption of the work efforts needed to resolve the validity of
the assumptions as a basis for considering further efforts toward
establishing economic viability, and

- The work elements which will still be needed in order to establish
technical, economic, and commercial viability for the project to
standards acceptable to the Bank

The Contractor shall engage in the discussions following the
presentation to receive comments and agree on corrections or revisions
to be made to his results The objective of the discussions will be to



establish whether justification exists to undertake a formal pre-loan
assessment aimed at financing the project

13 Report Upon the conclusion of the meeting, the Contractor shall .
prepare a final report, in English and in Russian, incorporating the
results of the work, the revisions, and a statement of work that should
be undertaken should there be a decision to proceed further toward a
"bankable" pre-loan assessment If the results of Phase I are positave
toward the continuation of pre-loan analysis, the Contractor shall
present a Work Plan to USAID for Phase II

Phase II Pre-Loan Assessment

As mentioned above, this work will be done in two phases a preliminary
analysis followed by a more detailed pre-loan assessment The work in both
phases 1s similar The difference i1s that in Phase I, the depth of detail
should be the minimum and only enough so that the results can justify
undertaking the second phase In Phase II, the level of detail should be
adequate to meet the requirements of a lending agency (in this case the EBRD)
for the results to be bankable, 1 e , the lending agency accepts the results
and undertakes i1ts loan appraisal process Phase II shall only be undertaken
1f the results of Phase I dictate that such a project 1s economically viable
for an international loan and USAID and the EBRD indicate to the Contractor in
writing that the pre-loan assessment (Phase II) shall proceed The Contractor
shall retain the personnel working in the first phase of work in the second
phase i1n order to avoid the cost of a second "learning curve *

A preliminary analysis of the prospects for installing and operating a viable,
geothermally-sourced district heating system for the Town of Sugdidi in the
Republic of Georgia 1s expected to demonstrate the practicality of such a
facility to the extent that undertaking a formal pre-loan assessment for
purposes of obtaining the necessary finance i1s justified However, this
demonstration of practicality 1s subject to specific assumptions, which are
the following

- The number of production wells to supply the needed quantity of
geothermal water during peak demand periods have been drilled and
provided with the necessary valving and flanges for connection to the
district heating piping supply network at the appropriate locations

- Downhole pumps will be used in the geothermal wells to provide a water
flow adequate for the expected peak demands on the system over the
useful life of the installations

- Spent hot water (the net between flow charged to the system and the flow
consumed for non-returnable hot water use) 1is to be returned for
reinjection to the reservoir in order to avoid depletion of the
geothermal hot water supply over the useful life of the installations

- The number of reinjection wells required for the return of spent hot
water are in place and are provided with valving and flanges for
connection to the district heating piping return network at the
appropriate locations

- The reinjection of the spent hot water will not effect the continuity of
the initial reservoir characteristics and properties, specifically the
pressure in the reservoir, the temperature of the water in the
reservolr, possible breakthrough of the colder water to the production
wells, and the chemistry of the water in terms of 1ts solids deposition
properties

- The chemical composition of the geothermal water poses no possibility of
solids depositions anywhere in the system which could cause operational .



failures despite preventive maintenance precautions

- Previous geothermal-water transmission and distraibution installations no
longer exist and completely new installations must be built

In essence, the assumptions stated above state that adequate supply of
geothermal water at the desired conditions of temperature, pressure, and
chemical quality 1s assured over the projected life of the installations and
trat residual spent hot water can be returned to the reservoir

Accordaingly, the objectives of the work are to be the following

- the preparation of a pre-loan assessment of a geothermal energy district
heating system 1n the format depth of detail, and scope (1 e , in
accordance with international standards for the bankabality of the
project) suited to submission to an international lending agency for the
granting of the loan equity requirement, and

- to provide specified assistance to the business firm designated to
implement the project during the period between the granting of the loan
and the completion of procurement of the major equipment and materials

The scope of the work shall begin with designing and specifying the
connections to the geothermal production wells and to the reinjection wells,
and shall include the installation and commissioning of the downhole pumps in
the production wells The scope shall include the design and pricing of the
piping and insulation within the distraict to be served including the
connections to the residences and establishments of the prospective customers
of the services Connections shall be provided with thermal energy
consumption meters The scope shall also include in this respect the
estimation of the capital investment regquired in local and foreign currency
and the construction and commissioning schedule

The findings and recommendations from the preliminary analysis (Phase I) shall
provide the primary inputs to the work This analysis 1s incorporated in this
statement of work by reference

The scope of work shall not address aspects of efficiency in the consumption
of heat because of the nature of the piping to the heat radiators Investment
for retrofitting the heating systems to eliminate series piping by parallel
piping to permit zoned control of heating as a trade off with the cost savings
from reducing energy consumption shall be a matter for separate analysis

Specifically, the Contractor will be responsible for the following tasks

1 Prepare Work Plan BAs a first step, the Contractor shall prepare a work
plan showing the method whereby, and the schedule in which, the tasks
w1ll be accomplished, the personnel qualifications for those who will
perform the work, the local counterparts to be employed or seconded from
local organizations, and the schedule by which the work will be
performed The work plan shall address all the tasks specified below
However, in order to prepare the work plan, the Contractor, i1f he deems
1t necessary, shall consult with the European Bank for Reconstruction
and Development (EBRD) to learn and agree with the specific requirements
for internationally credible "bankability" to be addressed As a
result he may, with justification modify the tasks below, delete
tasks, or add new tasks

The Contractor shall prepare a written report detailing the plan and
submit this for approval by the EBRD, the Government of Georgia, and
USAID before undertaking any work To provide a context for hais work
plan, the Contractor shall include and discuss the following aspects 1in

thas report



- braief description of the heating subsector and the role of geothermal
energy in Georg:ia and 1ts current use

- a descraption of how geothermal energy fits into the energy sector of .
the country

- a dascussion of the main issues which exist in the heat subsector and
in the utilization of geothermal energy,

- brief description of how the utilization of geothermal energy
currently 1s organized (i1f at all),

- description of how the geothermal energy subsector 1is proposed to be
organized, and

- description of how the use of geothermal energy has been performing

The Contractor shall submit his work plan to USAID, the EBRD, and the
Government of the Republic of Georgia for review and approval before he
begins the work planned

Market Analysis The extent of the market area to be served by the
district heating system will have been established from the results of
the preliminary analysis (Phase I} The Contractor shall survey the
prospective consumers within the area and establish the annual pattern
of consumption for heating and for hot water through interviews and past
records to the extent these can be found, and from space to be heated,
state of the insulation surrounding this space, and historic weather
patterns

Tariff Structure The Contractor shall establish the tariff structure
for the district heating services by class of consumer, volume of
consumption, and peak demand The structure shall relate to the
consumers’ abilities to pay He shall determine this structure from a
survey based on a realistic sampling of each class of consumer

Revenue Estimate From the results of the two actaivities above, the
Contractor shall estimate the revenues which the district heating
enterprise can expect from the sale of the thermal energy He shall
also estaimate the expected variations in the revenue stream through a
typical year in order that working capital needs can also be estimated

Facilities Design For the service area identified in the preliminary
analysis (Phase I) and from the results of the market analysis above,
the Contractor shall map the geothermal-water distribution system and
the spent hot water return system, estimate the line sizes, provide for
the necessary pumping, locate the lines along the right-of-way, and
otherwise consider design factors which a bankable feasibility analysis
will require If needed, water reheating equipment shall be installed
The product shall be the complete design of an operable and reliable
system The lines shall be located aboveground or underground as has
been determined from the preliminary analysis (Phase I) The system
components shall be specified in the detail required to permit eventual
purchase once financing 1s available

Capital Investment Estimate  The Contractor shall estimate the capital
requirement to construct and operate the system, the schedule by which
the capital will be disbursed, and the portion which can be spent in
local currency This portion shall be estimated using local costs

Operating Cost Estimate The Contractor shall establish the

organizational structure of the enterprise to include all functions

which will be required to assure the revenue stream The functions

shall include those related to the operation and maintenance of the .
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system the adminastrative support functions of billing, bill
collection, personnel management, security of the system, financial
management, and general management

The Contractor shall specify staffing, salary and wage schedules, any
payroll burden in order to estimate the total labor cost for the
operations He shall estimate the total operating costs to include
consumables, taxes, and interest on working capaital

F.pancial Analysis Based on the results of the capital and operating
costs estimates, the Contractor shall calculate the internal rate of
return on the equity capital of the enterprise and the present value of
tne facilities based on a specified discount rate The calculations
shall be performed by computer spreadsheet designed to permit parametric
analysis of the major factors entering into the analysis

The major factors to be provided for shall include, at least, variations
on the capital investment required, variations on the operating cost
estimate, variations on the expected revenue stream, the proportion of
this capital which 1s equity and which 1is loan

The Contractor shall project the results for the period corresponding to
loan repayment in terms of proposed tariffs and resultant income
statements, company balance sheets, and sources and applications of
funds Issues such as receivables, billings, collections, and loan
repayment shall be mentioned and discussed A suitable set of realistac
and monitorable financial covenants shall be proposed (such as debt
service ratio operating ratio, self-financing ratio, and preparation
and auditing of financial statements) Detailed financial statements
shall be provided as an annex

Economic Analysis The Contractor shall analyze the impact of the
project on the economy of the country in terms of the following factors

- a descraption of the project’s impact on the country’s balance of
payments,

- the economic rate of return and net present value for the base case
and for each sensitivity test, and

- a brief description of the impact of the project on employment
possabilities (1f any)

Ownership The Contractor shall describe the Company to own the
enterprise as a potential borrower from the lending agency, including
the Company’s legal and financial structure, financial strength,
qualifications and experiences of the prospective management, his past
performance (i1f any), and sources of the equity to be invested The
detail shall be adequate for the lending agency to assess the ability of
the ownership to maintain a viable enterpraise, able to repay the foreign
exchange loan and to raise the local-currency capital

The Contractor shall alsc describe the regulatory aspects under which
the Company will operate as a monopoly 1in terms of tariff structures and
tariff revisions in an inflationary environment The Government'’s and
Company’s strategy and development plans for the next ten years shall be
1dentified and discussed

Risk Apalysis The Contractor shall analyze the risks posed by the
project on the basis that the assumptions specified above are valid He
shall determine the sensitivity of the financial analysis to various
assumptions for the main parameters He shall analyze the capabilaty of
the ownership to manage and perform such that repayment of the loans
made to the project can be repaid in accordance with the terms of the
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loan Finally, he shall state clearly the economic and financaial
assumptions made in order to accomplish the rask analysais

As risks are defined measures to mitigate these risks shall be .
1dentified and discussed

Environmental Assessment An environmental impact study shall be done
aimed at assessing the project’s environmental impact and recommending
solutions to minimize negative impact and maximize positive impact
Such a study shall include, but not be limited to

- visual effects of buildings, piping runs, and other installations,

- environmental impact during construction,

- effect on vegetation, wildlife, and aquatic lafe,

- 1mpact on ground water,

- disposal of geothermal effluent, and

- overall impact on air quality from dissolved gases in the geothermal
water (1f any)

The environmental study shall be presented as a separate report (or, if
not too long, as an annex to the feasibility study) with main findings
and recommendations summarize in the main body of the report The
environmental assessment shall be done in accordance with USAID and EBRD
procedures

Implementation Arrangements  The Contractor shall describe how 1t 1is
envisaged that the project will be implemented, including any
arrangements which have to be in place for its success (such as a
project implementation unit or an expatriate project manager) A
detailed implementation schedule shall be attached as an annex

Interim Report The Contractor shall prepare an interim report, in the
format of the eventual final report, in which the results and
evaluations obtained from the tasks above shall be presented for review
by USAID, the EBRD and the Georgian counterpart agency Upon approval
the Contractor shall proceed with the additional tasks below

Preparation of Tender Documents All work below shall be done in
accordance with EBRD policies and procedures The Contractor shall
consult frequently with the Bank in the interest of properly following
1ts procedures

- The Contractor shall train local personnel in the tender and bad
process and/or should endeavor to make use of local personnel that were
previously trained in the EBRD tender and bid process

- The Contractor shall arrange for the publication of a procurement
notice

- The Contractor shall use the data and results from the tasks specified
above supplemented by additional data to be obtained from the
prospective owner of the facilities and the EBRD to prepare tender
documents 1n support of the procurement effort The Contractor shall
compile bidding packages i1n accordance with EBRD procedures and submit
to the Bank for review and approval

Specifically, bid packages shall include but not be limited to the
following invaitation for baids, instructions to bidders, general
conditions of contract, specific conditions of contract, schedule of
reguirements technical specifications, bid form and price
schedules, bid security form, contract form, and performance
security form

The Contractor shall prepare separate, discrete bid packages for .
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equipment and supplies to cover the entire projected installations
Equipment and supplies shall be allocated to each package i1in a manner
that reflects the capabilities of prospective suppliers to manufacture
or fabricate

The Contractor shall consult with EBRD personnel and follow EBRD
procedures in evaluating and selecting qualified manufacturers and
suppliers to be included in the tender, the format and content of
bidding packages, including the currency of the related transactions,
payment and delivery terms, and the timing of the tender

-~ Upon approval by the Bank, the Contractor shall publish an invitation
to tender in Bank publications and in any other media acceptable to the
Bank Competitors shall be given 60 to 90 days to submit tenders

16 Tender Evaluation and Contract Negotiation Assistance At the
appropriate time, the Contractor shall assist in the procurement process
in the following manner

- The Contractor shall train local personnel in the tender evaluation
and contract negotiation process and/or should endeavor to make use of
local personnel that were previously trained in the EBRD tender
evaluation and contract negotiation process

- for each equipment and materials package, review the bidders’ tenders
and provide technical evaluations of their compliance with the tender
documentation and appropriate recommendations regarding the adequacy of
each bidder s tender Follow EBRD policies and procedures in the
evaluation and ranking of the bidders,

- submit the results of the evaluation and ranking for each equipment
and materials package to the Bank for review and approval,

~ after selection of the winning bidder for each equipment and materials
package, draw up the contract for the procurement, and

- Submit each contract to the bank for review and approval before award

SECTION IV STAFFING AND COORDINATION

There are a number of USAID-funded activities in the Caucasus (Armenia and
Georgia) and other NIS countries as well as other donor organizations that may
be working in the same or similar areas of the energy sector These i1nclude
U S and NIS-based institutions, and others, including the World Bank, EC, and
EBRD The Contractor 1s expected to coordinate and cooperate with others as
appropriate and to avoid duplication where possible Where duplication cannot
be avoided or where task objectives no longer appear productive or
appropriate, the Contractor 1s expected to report back to USAID and to propose
work plan adjustments

SECTION V APPROVALS

Within three weeks of award of this delivery order, the contractor will submit
an Activaity Implementation Plan (AIP) for all tasks Attached should be the
Work Plan for each task The contractor shall not execute this AIP until
approval i1s received, in writing, from the AID project officer



SECTION VI DELIVERABLES

Prior to mobilization the contractor shall submit to the Contracting
Officer’'s technical representative (COTR) a written work plan for each ‘
separate task and subtask of this work order, as desribed in the Scopes of

Work above The work plan must reflect any approved changes in Scope of Work

as written here New tasks may be identified as work progresses

Task 1 TBILISI DISTRICT HEATING SYSTEM IMPROVEMENT PROGRAM

1) A detailed workplan to be approved by USAID including timetables,
benchmarks, and dates for deliverables

2) An environmental assessment per USAID Environmental Procedures (22 CFR
216)

3) Assessment of the current status of the district heating system in

Tbilisa and strategy for district heating rehabilaitation and development
for Tbilisai for the immediate, short, and long term for approval by

USAID
4) Purchase order for approval by USAID
5) Interam and final shipment and delivery report on commodities purchased

for boilers and pipelines

6) A Task Completion Report describing the activities completed and results
obtained Two copies will be dastributed to the USAID representatives
in the Caucasus Five copies will be distributed to USAID/ENI/EEUD/EI

Task 2 NATURAL GAS TRANSMISSION SYSTEM UPGRADE

1) A detailed workplan to be approved by USAID, including timetables, ‘
benchmarks, and dates for delaverables

2) An environmental assessment per USAID Environmental Procedures (22 CFR
2186)

3) A report presenting a set of ranked cost-effective technical measures,

including a list of limited critical commodities, to increase the volume
of gas transmitted within Georgia and to Armenia

4) A procurement list presenting limited critical commodities that would
support gas transmission system enhancement

5) A short- to medium-term cost-effective plan for improving the technical
operation of the transmission system, including a list of limited
critical commodities

6) A long-term cost-effective plan for improving the technical operation of
the transmission system and pre-loan analyses for consideration by the
World Bank and other international financial institutions

7) One two-week workshop for twenty to twenty five managers and technical
personnel from Saktransgaz on "Gas Transmission System Operations in
the US and Europe"

8) A Task Completion Report describing the activities completed and results

obtained  Two copies will be distributed to the USAID representatives
in the Caucasus Five copies will be distributed to USAID/ENI/EEUD/EI




Task 3 SUGDIDI GEOTHERMAL ASSESSMENT

The Contractor sra.l provide three deliverables at the appropriate time and
shall await the resiew and approval of each deliverable before proceeding with

subsequent work They are

Phase I - Prelimi-ary Analysis

1) A detailed w»crkplan to be approved by USAID 1including timetables,
benchmarks, and dates for deliverables

2) Phase I drait and final reports, in both English and Russian

3) A Task Comp.etion Report describing the activities completed and results

obtained Two coples will be distributed to the USAID representatives
in the Caucasus Five copies will be distributed to USAID/ENI/EEUD/EI

Phase II - Pre-Loan Assessment

1) A detailed workplan to be approved by USAID 1including timetables,
benchmarks, and dates for deliverables

2) An interim cocument representing the results of the feasibility work
suited as an input to decisaion making by the lending Bank regarding the
granting of the loan The depth of detail, analysis, and evaluation in
this document shall meet the criteria of the EBRD as to bankability

3) A final repcrt including an updated interim feasibility document
supplementecz by the tender documents and the subsequent evaluations and
rankings of the bids received

4) A Task Completion Report describing the activities completed and results
ocbtained Two copies will be distributed to the USAID representatives
in the Caucasus Five copies will be distributed to USAID/ENI/EEUD/EI

SECTION VII REPORTING

In addition to the deliverables indicated above, the contractor shall submit
the following reports

(1) Monthly Status Reports These reports are the praimary project
management documertation monitoring 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 and subtask, identifying progress,
accomplishments, problems encountered, corrections implemented as a result,
and/or alternatives and solutions suggested in order to produce the desired
results In addition, person days expended by task and subtask will be
reported, itemized between activities in the field and the home office

Reports on trips planned within the next 30-45 days should include arrival
and departure plans, persons to be involved, persons to be visited and purpose
of visit, and any assistance needed to ensure achieving objectives Electronic
reporting to the project office will be required

The monthly reports shall include a discussion of progress against USAID
performance Indicators and Targets The work plan shall include the
Contractor’s propcsal for measurable and verifiable indicators that will show
progress toward achieving the objectaive

(2) Quarterly F_—ancial Reports The Contractor shall submit quarterly
financial reports with all the pertinent information including but not limited
to funds authorized and obligated, and actual and accrued expenditures

(3) Final Repor:s Under this Delivery Order, threse reports shall include
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lists of contract activity inputs, outputs, and cbjectives, summary
descraiptions of each activity undertaken, statistical summaries and analyses
of activities and places where these have been undertaken, cost of each
activity and summary of cost by place and type of assistance In addation, ‘
these reports shall incorporate all contract activity internal evaluations and

shall summarize accomplishments, metnods of work and recommendations

regarding work and/or program continuation This final report shall be

submitted within 30 days after completion of each activity

(4) Technical Reports  The contractor shall submit technical reports within
30 days after completion of each subtask Each report shall be prepared using
the following computer software applications

DOs 3 1

Word Perfect 5 0 or 5 1 for word processing

Lotus 1-2-3 for spread sheets

DBase 111+ for databases and program plan spread sheet
Harvard Graphics for charts, graphs, etc

SECTION VIII LOGISTICAL SUPPORT

The Contractor shall be responsible for providing or arranging for all
logistical support in the U S and Georgia This support 1s expected to
include office space and equipment necessary to perform the services required
by this contract

To the extent that the USAID Mission in Armenia and/or the USAID

Representation in Tbilisi provide logistic support to the Contractor under

this delivery order, the costs of such logistic support shall not be charged

by the Contractor to this Delivery Order If, under emergency circumstances,

1t 1s necessary for the USAID Mission to pay for any in-country costs on

behalf of the Contractor in order to facilitate implementation of any

activities under this contract, the Mission may bill the Contractor for such .
costs for onward charge to the contract

SECTION IX COUNTERPARTS

Substantial professiocnal resources, both organizational capabilities and
individual talent, public and to some degree private, are available in
Georgia It 1s expected that Georgian government entities will participate
and make significant contributions towards the identification, design,
planning, review, evaluation, and approval of work performed under the
contract Additionally, 1t 1s anticipated that private Georgian entities and
professional individuals participate in the work performed through
subcontracts and employment arrangements with the contractor as appropriate

SECTION X IMPLEMENTATION

The chances of successful implementation of this contract will be enhanced by
assuring containuity in U S support for energy sector technology and services,
requiring that all new U § advisors and consultants be committed and
exceptionally well qualified and that required technical assistance be
provided in a timely manner

Successful implementation also depends on the direct contact between all US
professionals assigned to the work with local counterparts and field
conditions It 1s therefore expected that trips to the field be of sufficient
duration to ensure proper understanding of field conditions and that teams on
assignments brief the USAID Representation in Tbilisi prior to departure and
provide the USAID Representation in Tbilisi as well as USAID/Caucasus 1in




Yerevan with appropriate documentation and preliminary analyses It 1s also
expected that generally ro professionals should be made part of the work
unless they have spent a substantial level of effort in the field for the
tasks being implemented

In addition 1t 1s highly effective both from the qualits of the work and the
total cost of the effort tnat in most situations where a significant number of
activities are scheduled :to take place 1in one location, the contractor
implement the delivery orcer with a small number of professionals continuously
present in the field locations
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USAID EXIT INTERVIEW
Friday, 15 March, 1996

A trip to Thilis1 began on Friday, 23 February for three weeks to begin work on the
following three new delivery orders

DO Noil Thbhsi Distnct heating System Improvement Program
DO No24 Natural Gas Transmission System Upgrade

DO No25 Zugdidi Geothermal Assessment ¥

The Delivery Order 8 report text for Thilist Distnct Heating System and Hospitals
opumization has been translated to Georgian and distmbuted. Tnips were made to see
the four hospital boiler rooms rehabilitation with USAID funds Matermty Hospitals 4
and 5, Republican Mental Hospital and Republican Bums Hospital Maternity
Hospital No 4 botler room has been transferred from Municipal ownership to hospital
ownership and the hospital elected to keep a steam boiler to rehabilitate Materity
Hospital No 5 chose to spend thewr own funds to rebuild 2 gas fired steam boilers and
are advertismg on TV for obstetrics and gynaecological services in warm and
comfortable surroundings We were interviewed for a TV program explaining the
USAID and World Bank programs The Mentai Hospital expended additional funds
for repair work and developed a Dutch design proposal for heated greenhouses for
pauent work therapy and revenue income. The Burns Hospatal is planning to invest in
remodelling of one floor of a wing this summer to start performing elective plasuc
reconstructure surgery for paymng patients This indicates that the small seed money
investments by USAID and World Bank in worthy projects are paymng off with
growing entrepreneunal free market activiies which the public at large can see and
benefit from

A very important finding 1s that the private firm Geothermia Ltd 1s spending about
$45.000 of therr own funds to mnstall a pipeline as a result of a two month design
proposal for the Lis1 District geothermal well 5-T thermosyphon project The purpose
of this project 1s to run tests for about one to two months to determine hydraulic
characteristics of system for location of hot water storage reservorr based on optimum
well production, quantity of methane release, resource drawdown and recharge
Depending on results of tests to determine location of tank, anywhere from 50 000 t0
80, 000 people can be supplied with hot water Construction of the tank, piping and
controls 1s estimated at about $600,000 and would result in equivalent natural gas
savings of about $2-2.5 miilion per year The sigmficant advantage of this wnstallation
1s that no electricity s required for pumping, relying solely on gravaty to supply the
water The tank was previously announced for informal bid proposals to three
qualified contractors One contractor supphied an exceptional proposal complete with
drawings and colour rendenngs



Two alternate locations have been selected and approved by the Municipal
government for location of storage reservoir. Two options for 2,000 m’ tanks were
considered, above ground steel tank which would take two months to erect or
underground concrete tank which would take four months to construct. There 1s no
cost advantage of steel vs concrete. Techmcal advantages are in favour of the
underground concrete tank not requiring corrosion protection and insulation which 1s
an advantage for long term reliability and lower mamntenance. However, there 1s an
urgent need for an addittonal $45,000 required for completion of siphon system
testing and other test equipment for resource assessment.

Two experts from International Gas Consultants (IGC) visuted Sakgas, Sahtransgas,
border metenng stations, compressor station and other natural gas facihites to make
observations and gather information for the assessment and recommendauons for
rehabilitation of the natural gas transmission systems.

Jim Koenig, Geologist from Geothermua, ARCI Consultants, Geothermua Lid and
Burns and Roe engineers and geologists made a three day trip to Zugdd: to mspect
the geothermal wells, gather wnformation and meet with the Mayor, Mumcipal
government officials and principals of several major enterpnses which will be
consumers of hot water. Geothermia Ltd. provided a wealth of data and drawings for
Geothermex to analyze for assessment of the geothermal resource They also provided

a complete design package for the expansion for a large greenhouse complex which
was never completed. The city and the hospitals and enterprises representatives agreed
to provide information for previous and present conditions and future plans It will be
necessary to perform flow and injection tests for resource assessment.

Several preliminary draft proposals for rehabilitation of selected Thilisi thermal
stations have already been completed by ARCI and several more proposals are in the
process of development. Inspection visits were made to Thermal Stauons 27, 9, 10, 25
and the. Thilisi Thermal Electric Power Station. Additional prospects for proposing
rehabilitation projects will be developed in greater detail for the final report.

A visit was made to School No 36 (Grades 1-10) to see the new coal burning boiler
provided by the UK know-how fund, CRE Group through Ashwell Engineenng
Services The screw feeders, blowers, controller and instruments and boiler design
drawings were supplied from the UK. The boilers (2) were fabnicated in Thilis: by the
firm Bericom under license The first four are free, than 10% of bols cost to Ashwell.
The schoot 1s five floors and many windows are broken and boarded up, badly 1n need
of weatherization. They only run the boilers about five hours per day when there 1s
electncity to run motors for the screws, blowers and pumps and controllers One
boiler 1s for the school and the other, not yet operational 1s for the police building next

door

The crushed coal they receive from Tkibuli mine costs 85 Lans (68$) per metnc
tonne The operators have to screen the coal to 30-S mm size for reliable performance
of the screw About 40% of the coal 1s rejected fines to keep from plugging the screw

/<0



Environmental momtonng of flue gas emussions are measured for sulphur oxides
(S0,), mtrogenoxides (NO, ), carbon monoxide (CO), and particulate

We had very interesting discussions with Nellie Verulava, Energy Energy, from the
Toilis1 Clean Coal Technology Institute She s involved in the UN-EC IMPACT
Program and working on apphcations for utilising Georgia coal They are ve T3NS
interested in fluidized bed boiler application to recover over one millionfof shlum
(c#lm) at Tkibuli They are also interested in possible application of coal slurry or
ortmulsion for transporting the fuel These applications may be more appropniate for

use 1n Kutais: or Western Georgia

This brief report 1s only a summary of hughlights of a very busy and productive visit
A more detatled trip report will follow

dota € -

Prepared by John Hallberg, P -
Burns and Roe Enterpnises Inc
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LIST OF STUDIES 15 MARCH, 1996

Title Organization Author Date
Development of Energy Policy n Georgia TA-CIS Costas July
Intenm Report SEED/KANTOR  Mitropoloulos 1994
Sectoral Working Paper No 1 Fegruary
Electncity Sector Review 1995
Development of Energy Policy in Georgia TA-CIS Pierre-Andre July
Interim Report SEED/KANTOR  Dutort 1994
Sectoral Working Paper No 2
Rehabulitation and Extension of the
Hydroelectnic System
Development of Erergy Policy in Georgia TA-CIS Charalambos August
Intenim Report SEED/KANTOR  Dolkas 1994
Sectoral Working Paper No 3 Anastslos Feuary
01l Sector Review Sophos 19945
Development of Energy Policy in Georgia TA-CIS Evangelos August
Interim Report SEED/KANTOR  penglis 1994
Sectoral Working Paper No 4 Anastaslos FEBRuARY
Gas Sector Review Sophos LY
Development of Energy Policy in Georgia TA-CIS Camulie Geraud  July
Intenm Report SEED/KANTOR 1994
Sectoral Working Paper No 5 ENGLISH  Fessewey
Assessment of Coal Resources (french VERSION 1995

version)

Development of Energy Policy in Georgia TA-CIS Robert October
Intenm Report SEED/KANTOR  Bonnemaison 1994
Sectoral Workimg Paper No 6 Sofresid-Caliqua  AP2:1L
Rehabilitation of Urban District Heating ) 1995
Systems
Development of Energy Policy in Georgia TA-CIS Bemnard Meumer August
Intenm Report SEED/KANTOR 1994
Sectoral Working Paper No 7
Perspectives for the Development of
Renewable Energy Resources
Development of Energy Policy n Georgia TA-CIS John Hasapakis  August
Interim Report SEED/KANTOR  Anastasios 1994
Sectoral Working Paper No 9 Sophos JvnE
ENERLY PRICLS A TARIEFS (494
Development of Energy Policy n Georga TA-CIS January31
Final Mam Report SEED/KANTOR 1995
(Draft) FINAL APRIL 25,1995
Restructuring and Adaptation to Market TA-CIS January
Economv Reform of Managememt ESB 1994
Methods for Sakenergo, Georgia INTERNATIONAL
Final Report -
Developn eray feleey iy Georgia -l
i e e L LN 3 g

Sectoral Werking faper No @
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LIST OF STUDIES

PAGE 2

Title Organization Author Date
EBRD Interim Report B&R N/A July 1994
Georgia Power Rehabulitation Project
Georgia Energy Situation and Needs in RMA Evgeny November
the Coming Winter Guterman 1993
Niels R Wolter
Geothermal Resources in the Republic of EBRD July
Georgia VIRKIR-ORKINT 1994
CONSULTING
GROUP LTD
Project Study of Power Station “Energykselprojekt 1994
Georgia SAKENERGO
Techmcal-Economical Report
Aide-Memorre WORLD BANK March 28,
Energy Mission 1995
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USAID Exit Interview

Friday, 7 June, 1996

A trip to Thilis1, Georgia began on Friday, 24 for two weeks to work with ARCI
Consultants, the Burns and Roe local subcontractor on the following delivery orders

D O No 11 Tbilst District Heating System Improvement Program
D O No 25 Zugdidi Geothermal Assessment

As a result of work accomphished during the March trip to Thihis: and Zugdidi ARCI
submitted proposals for consulting services to prepare several detailed rehabilitation
projects for both delivery orders They also submitted proposal cost estimates for
performing necessary geothermal well flow tests for Lisi deposit i Thilis1 and
Zugdid1 thermal water deposit resource assessments

Objectives accomplished during this trip are the following
Review, clanfy and expand on ARCI proposals
Prepare Table of Contents and outhnes for reports
Define work tasks for preparing reports

Discuss proposed pilot metering projects

ARCI submitted nine proposals for district heating system projects for Tbilist

Thermal Station No 9 Rehabilitation,

Matermity Hospital No 5 Heating system expansion,
Greenhouse Project for Mental Hospital Boiler Plant,
Maternity Hospital No 4 Boiler Plant and Laundry/Bathhouse,
Oncology (cancer) Hospital Cogeneration Diesel Project,
Decentralized heating botlers for schools,

Lis1 geothermal project, Phase II - re-injection

Solar hot water system project for selected hospatals,

Pilot metering project with decentralized cogeneration

OO0 IO RN e

ARCI was asked to include two more proposals to summarize the balance of thermal
stations and hospitals for conceptual description of a few more potential rehabilitation
projects and discuss the long term strategy for preservation ot existing capital
equipment

Preliminary Tables of Contents and outlines were developed to guide writing of the
reports for USAID EBRD and World Bank In addition a simple working project
milestone and cash flow schedule and action item list were prepared The next
milestone is to meet in Thilisi sometime between July 26-August 9 with USAID

EBRD and Geothermia



The purpose 1s to deliver a required written handout presenting the status and result of
assessment of the Zugdidi project, incorporate comments and get approval to proceed
with the second phase Pre-loan assessment for EBRD In addition, meetings with
ARCI and other parttcipants will be held to continue preparation of the Tbilisi District
Heating D O No 11 report

A significant point of discussion was the selection and survey of a potential group of
residential consumers in 4 fifteen-storied high nise apartment flat bwidings for
nstallation of a demonstration pilot metering project Out of 350 famihes, only five
did not agree with metening for payment of guaranteed utility services The proposal 1s
to nstall prepay electric and gas meters and automatic read BTU (Kcal) meters for
heat and hot and cold water consumption An important consideration for guaranteed
supply 1s the need for back-up power and fuel supply owned and operated by a private
enterprise for this experiment to be a success As a holdover from the socialistic
system people do not believe in much of what the government says and the prospect
for reliable electricity, gas and water supplies during winters 1s a future hope As a
resuit, an integrated backup combined heat and power source 1s considered for this
group of buiidings The guaranteed electricity and water supply 1s necessary for boiler
fans, water pumps, controls, building elevators and hghting, fuel pumps, etc Diesel
o1l storage will be the backup fuel source

In order for the rehabihitation proposals to be economically justified 1t 1s necessary to
have financially solvent hosts for thermal and/or electrical loads Therefore the
primary objective has been and 1s to seek out commercial or entrepreneunal activities
to provide the revenue steam necessary to provide the payback to support the
financing of these projects For combined heat and power (CHP) systems it 1s also
necessary to have the thermal loads to provide a reasonably level daily load profile
An important source for the thermal loads 1s mn the food sector for production,
processing and refrigeration

Lastly, a critical schedule concern 1s to obtain the funds, equipment and construction
needs for completion of flow tests of the Thilist Lisi and Zugdidi geothermal resource
assessments These flow tests are a prerequisite for quantifying of resources for EBRD
and muiti-national bank financing of these projects

Prepared by

John E Hallberg, PE

Burns and Roe Enterprises, Inc
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ACTION ITEMS - THINGS TO DO

00 ~J N W £ LM -

11

12

13
14
15
16
17
18
19
20

Questionaire for Zugdid1 (let consumers do work)
Residential Survey 1n Tbilis1 (on disk) - May be useful information or questions
Zugdid1 drinking water - what projects?
Electrical Supply - Status of Ingun1 and Riom: Projects?
Fiberglass pipe - vendors info, prices, sources
Heat Pumps - Vendor 1nfo, prices, sources
Solar Equipment - Vendor nfo, prices, sources
Gas Turbines - 1-5 MW - Hospitals, etc

5-20 MW - Thermal Station (Need vendor info in Russ:ian)
Vacuum Degasification
Down-hole pumps argument
Proposal 10 - Potential Projects ~ TS4 & 19 Unmiversity

TS17 & 44 Rehab ? Cogen?

Proposal 14 - Long Term Strategy

A Capital preservation $/Gcal x 38TS = ?

B Distnibution Systems $/M x L = ?
Info on Zugdidi World Bank Weathenzation Projects
Info on Zugdid1 Joint Venture Investments - German, etc
Info on Zugdid: other doner orgamizations and actions
Info on Mimstry of Agnculture Activities and data
Info on GE 100 MW Combined Cycle Proposal - where?
Info on potential commercial consumers of heat and power
Info on Greenhouse Glass Substitute Plastics
Quahfications Package on Geothermia
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POTENTIAL COMMERCIAL CONSUMERS OF HEAT & POWER .

FOOD TECHNOLOGY INFORMATION

1 Greenhouses - products, tomatoes, strawberries, cucumbers, citrus, beans, etc
2 Mushroom Production - technology, equipment

3 Drying - vegetables, fruits, papaya, onions, garlic, etc

4 Chicken - meat and egg production, refrigeration, heat and hot water

5 Silviculture - fish ponds

6 Refrigeration - ice making, cold storage

7 Bakeries -

8 Dairy Products - Heat and Power, Refrigeration, Cheese Making

9 Meat Processing & Storage

10 Food Processing - cooking, canning, freezing

Other

Laundries, Bath houses, Manufacturing, etc




IIOTEHIINAJIbHBIE KOMMEPYECKHUE IOTPEBUTEJIN TEILJIA K
SJNEKTPOSHEPTHH

HNadopmauus no numeBoit Texnoiornm

1 Tenmmupl - MOMHAOPHI, KAY6HHKa, Oryplbl, HUTPYChl, (acosb, ¥ IpyrHe
2 T'pubwl - TexHosorus, o6opyaoBanue
3 BricymmBanue - oo, GpyKTH, Namnaiisd, JTyK, YECHOK H AP

4 TItnueBoAcCTBO - IIPOU3BOACTBO MsCa H AL, 3aMOpaXKHBaHNe,
TelJioCHaO)XXeHHne U Tojada ropaqeﬁ BOJADBI

S5 JlecoBoACTBO - TIPYA AJIS pa3BedeHus pbib
6 3aMopakMBaHMe - IPOU3BOACTBO JbJAA, XOJOJHOE XpaHeHHe

7 MonovuHoe IPOU3BOJACTBO - ChIP, MOJIOKO, TEILIOCHa6GXKeHne U
NozAaya 3JIeKTPOIHEPIHH

8 XneGonexkapHs
S Msconpou3BoACTBO, XpaHeHUe

10 IIuureBas MPOMBINIEHHOCTD - NPUrOTOBJEHHE, KOHCEPBUPOBaHUe,
3aMOpaKUBaHUe

Apyrne
ITpayeunnie, 6aHu, TPOU3BOJACTBO

14
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DELIVER ORDER NO 25
GEOTHERMAL DISTRICT HEATING
ZUGDIDI, GEORGIA

TABLE OF CONTENTS
EXECUTIVE SUMMARY
11 Introduction
12  Pnncipal Findings
13  Recommendations
BACKGROUND
21 Importance of Geothermal Energy in Georgia

22  Geothermal Energy Orgamzation Structure
23  History of Zugdidi Geothermal Development
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EXISTING DATA ON ZUGDIDI THERMAL WATER RESOURCE (Assessment)

31 Regional Geography and Climate
32 Regional and Local Geology
33 Regional Hydrology and Geothermal Data
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35  Necessity for Re-injection Tests
3 6 Results of Previous Re-injection Tests
37 Hydrogeological Map
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41 Queationnaire and Data Collections

4.2  Consumer Profiles and Thermal Loads

4.3 Mumcipal Infrastructure

4 4  Potential Enterprise Markets for Thermal Water
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Prionty IT - Tsaish1 Resource Distribution System

Evaluation of Heat Pump Applications

Evaluation of Refrigeration Applications

Comparison of Alternative Systems

Annual Monthly Thermal Load Profiles

Specification for Equipment and Matenials

Commercial Project Proposals (detailed 1n appendix)

Domestic Highnise Pilot Rehabilitation Proposal (detailed in appendix)
Environmental Considerations

PRELIMINARY FINANCIAL ANALYSIS

61
62
63
64

Capital and Operating Costs

Revenue Requirements, Tanffs, and Earmings
Proforma Risk Analysis and Pay Back
Sources of Financing
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Private Heat Supply Company

CONCLUSIONS AND RECOMMENDATIONS
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I'padux Ppunancuposanus

28 05 1996
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BPER CAPITA POWER CONSUMPTION 1989 .

23,700 kwh Norway
16,000 kwh Sweden
10,900 kwh USA
6,800 kwh Germany
6,700 kwh  France
5,600 kwh  Soviet Union
3,600 kwh Georgia

0-50 kwh/month 3.1 c/kwh 350 Families

51 - 130 kwh/month 4 1 ¢/kwh x4.5
131  kwh/month 4 9 ¢/kwh 1575 Persons
Natural Gas Heat

1995 was $80 / 1000m’ -5 $22 70 - $24 60 / Geal
June 1996 $65 / 1000m® -5 $18 44 - $20 00 / Geal
No, 2 Diese]l Oi1l

$200 / Tonne - $34 50 - $36 00 / Geal

Water Consumption

120L / Day Hot
225L/ Day Cold
Heating Demand

1200 w/ Person 1n Tbilist
1900 Hrs / Year




[Totpebnenue aaexTposHepruy no JanabiM 1989 va aymy

Hopserus - 23 700 x8T/4ac
Hipemns - 16 000 kpr/4ac
CIIA - 10900 xBT/4ac
T'epmanus - 6 800 kBT, 4ac
Opaniusa - 6 700 kBT, vac
CCCP - 5600 xBT/4ac
I'pysuss - 3 600 xBT/4ac

0-50 kBT /4ac /MecsI1|
51-130 kBT ,/4ac /Mecsil
131--- kBT /9ac /Mecan

3 1 meHT/KBT 4 350 cemeii x 4 5=1575
4 1 nenT/KBT 4
4 9 nenr/KBT 4

Ipupognwiit ras
B 1995 - $80,/1000 M3--—--em-

Wions 1996 - $65,/1000 M3 ---

N 2 MusenpHoe TOILJIHEBO

Tenno
$22 70 - $24 60 /Tkan
$18 44 - $ 20 00 /Txkan

$ 200/T1 ----—--3$34 50 - $ 36 00 /Tkan

IloTpe6aenne BoAb
120 1/ nenp - ropay

225 1/ peHb - XOJIO[

OTonienue
1200 BatT/4yen B T6uaMCH
1900 yac /ron
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USAID Exit Interview
Friday, 9 August 1996

A trip to Thilisi, Georgia began on Tuesday, 23 July 1996 for 17 days to work with
ARCI Consulting, the Burns and Roe local subcontractor on the following delivery
orders

Do No 11 - Thilis1 District heating System Improvement Program
D o No 25 - Zugdidi1 Geothermal assessment

The purpose of this trip was to meet with EBRD to present findings of Zugdich
Geothermal Phase | preliminary assessment, discuss EBRD loan requirements, and
continue preparing Tbilis1 District Heating rehabilitation proposals

Other than preliminary data gathering and preparation of a testing cost estimate, ARCI
has not yet been authonzed to work on Zugdid: However, ARCI has been released to
prepare design and cost estimates for three Tbilist district heating thermal station
rehabilitation projects Main focus has been directed to develop annual electrical and
thermal load profiles and obtain vendor data and budgetary cost estimates and prepare
conceptual designs and space layout requirements

Techmical reports and drawings contaming ongmal data and design information
describing the Zugdidi geothermal resource and distribution systems were obtained
from Sakburgeothermia during the last trip and translated from Russian to English
Based on review of this information, discussions with Georgian geologists and visual
mspection of wells, GeothermEx submitted a partial preliminary report on 25 July

A very mmportant recommendation 1s that flow and injection testing should be
conducted n order to make a realistic assessment of the potential magmtude and hife
of the geothermal resource About $250,000 1s estimated for the program of which
more than half will be for permanent installed materials and equipment If this testing
cannot be done for the EBRD pre-loan assessment, then the Zugdidi project may have
to be extended in two or more phases with some of testing being included during a
limited first phase utilization of hot water for schools and residential consumption
Burns and Roe and ARCI will evaluate and present by mid-September a strategy for
development of project

As soon as ARCI starts working on the Zugdid1 project, specialists will gather local
information required as part of market survey to determine residential and commercial
demand forecasts for thermal energy and revenue requirements This will include
determination of ownership structure and relationship for institutional and commercial
enterprises

A specification and requisition for purchase of a computer and "Heatmap" software
program for modeling the Zugdidi wells and district heating distribution system has
been prepared




By mud September ARCI and Burns and Roe will identify several more critical
heating supply rehabilitation projects for Tbilisi under Delivery Order No 11
procurement budget which can be implemented by winter this year Some possible
examples are

» Maternity Hospital No 5 - repair two gas fired hot water boilers, nstall pipeline to
orphanage, repair heating distribution Benefits high wvisibility to public,

additional revenue for hospital from state

o Matermity Hospital No 4 - reconstruct two boilers, construct public laundry and
bath-house Benefits high visibility to public, additional revenue for hospital from

private citizens

In addition, the following activities will be worked on over the next eight to twelve
weeks

Prepare Delivery Order No 8 Completion report

Initiate/tmplement critical heating supply rehabilitation projects for Tbilist winter
Complete proposal and cost estimate for pilot metering project

Inmtiate Lisi geothermal flow tests

Complete Tbilis: district heating rehabilitation proposals

Locatefunds for Zugdidi flow tests

Prepare and distribute Zugdid: market survey questionnaire

Finalizing Delivery Order No 11 Tbihisi District Heating Rehabihitation
Preliminary Draft Report

Vendor support for equpment data and pricing has been good However, the time
difference and communications problems make 1t difficult to obtain information from
Thihist quickly It 1s much easier to communicate with US and European vendors from
the US to gather needed data and send 1t to ARCI 1n packets

The next tnp to Thilis1 1s scheduled for last week of October or early November to
tollow up, assist and expedite the previous discussed activities

Piepared by
John E Hallberg PE
Burns and Roe Enterprises, Inc
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Tuesday, 30 July, 1996

A meeting was held at the Metekln Hotel at 7 PM to discuss status of USAID Delivery
Order No 25 - Zugdidi Geothermal Project assessment for EBRD financing

Attendees,

Lars Hultin European Bank for Reconstruction and Development
John E Hallberg Burns and Roe Enterprises

Alexander Arobelidze ARCI Consulting

Ivane Zazashvili SAKTRANSGAZ

David Bakashvili SAKBURGEOTHERMIA

The purpose of the meeting was intended to present to EBRD our findings during the first
phase assessment However, ARCI has not yet been authorized to proceed with their scope of
work Therefore, a brief summary of preliminary work accomplished to date was presented

The preliminary report for EBRD/USAID review will have to be submutted later this year

We first discussed the problem of trying to determine the present orgamizattonal structure and
chain of command of various departments involved 1 geothermal energy ARCI Consulting
will describe the ownership structure and mstitutional reforms 1n the preliminary report As
understood at this time, ownership 1s primanly state, with division of responsibility indicated
as follows

30% Sakburgeothermua
Exploitation
Care of 90% of geothermal wells

Own two drlling rigs

50% Mumcipality

Distribution

20% Geothermua, Ltd (Quasi-private)

Operation

As discussed during this meeting, the following EBRD criteria and suggestion should apply
to the Zugdid1 geothermal district heating project

1 Financing 1s for public project ($10 milhion mimmum)
2 Loan 1s to the Government with guarantees through Minister of Finance

3 The Ministry of Energy shall declare the Zugdidi geothermal district heating rehabilitation

project as a priority .

o



4 It 1s suggested to incorporate the majority of resource testing expenses within the project
cost as part of normal startup testing

5 It 1s suggested to propose ownership structure by means of Joint Stock Company with
51% mmimum government ownership It will be advantageous to include the thermal
recipient commercial enterprises to participate An example 1s the jomnt venture German-
Georgian tea factory

7 A business plan with thorough market research as backup shall be submutted

8 Some terms of the loan

Interest rate - 1% above LIBOR, vanable

One percent front end fee

One percent interest on unused funds

Period of loan - 15 years

Interest payment due immediately upon signing

Up to two year grace period for principal payments while project 1s completed, ready
to operate

9 If project 1s not selected for public financing, a backup strategy shall be investigated to
seek private project financing from EBRD and other sources EBRD will only provide
35% financing with $10 million mmimum loan for private projects This means a $30
million private development project possibly incorporating secondary financing for the
large thermal host enterprises It would help to find foreign mvestment through jomnt
ventures of a large holding company to secure this sum of investment However, the
potential returns from the enterprises revenues couid be very attractive to investors, and
export of quality food products could secure badly needed hard currency for Georgta



USAID Delivery Order No 25
Zugdid1 Geothermal Assessment
Status 30 July, 1996

Introduction.

o The government of the Republic of Georgia has requested that the EBRD assist in
preparing a district heating project for Zugdidi to utilize geothermal energy

¢ The EBRD funded a study “Geothermal Resources mn the Republic of Georgia”
by the Icelandic firm of Virkir-Orkt nt Consulting Group Ltd of Reykjavik
which included a discussion of the resource at Zugdidi

o USAID has agreed to fund a pre-loan assessment by Burns & Roe Enterprises Inc
and its subcontractors to undertake specified tasks

Scope of Work - Phase I

Review existing documentation

Quantify geothermal resource

Prepare district heating system design

Residential and commercial demand forecast
Conduct market survey

Preliminary financial analysis

Ownership structure - institutional and commercial
Preliminary risk analysis

Preliminary Results

o Two trips were made to Zugdidi (October, 1995 and February 1996) by Burns &
Roe, ARCI and Geothermia
Geothermal wells were visually mspected
Technical reports and drawings were obtained and translated into English
Meeting were held with government, municipal and commercial enterprise
officials

e Preliminary data was submtted by entities
Preliminary report prepared by GeothermEx

¢ Flow test design and cost estimate prepared

Findings and Recommendations

¢ There 1s great potential for developing the resource
There 1s great potential for developing the commercial enterprises as thermal
consumers to financially support the financing
e A testing program as recommended by Geothermex must be implemented to
quant:ify the resource before continuing with the detailed assessment .

/0%



USA Humamitarian Aud to Georgian Energy System

Energy deficiency in Georgia turned into an unsurpassable problem During summer,
when there 1s heat and floods, the country has some hydro power supply, but as soon
as the flood 1s over and winter comes, electricity 1s supphed to the population during a
few limited hours Nobody knows for how long this situation 1s going to last, nobody

knows when to expect a significant change

Though 1t 1s well known that a lot of money (loans and humanitarian aid) has been
spent for energy purposes during the last few years, if we consider only sums granted
by the US government, it 1s already a considerable amount

USAID, Agency for International Development is the general coordinator of
American humamtarian aid The Agency employed a US company “Burns and Roe”
to accomplish a program of studies and some part of rehabilitation work In 1994 aid
of 4,5 million dollars was assigned for the assistance program a part of which was
used to purchase maternials and equipment, while the rest of the sum was used to
prepare tender documents for three projects

1 Water Treatment Facility for Tbilisi Power Plant,
2 Condenser Tube Cleaning System for Tbilis1 Power Plant,
3 Replacement of turbine and governor at Riom1 Hydro Power Plant

The tender documents were prepared 1n accordance with the rules of European Bank
and World Bank and include technical and legal parts

The program financed by 1995 budget included a study of Tbilis1 district heating
system “Burns and Roe” repaired boilers for Matermty Hospitals N 4 and N5, City
Mental Hospital and Burns Center This program 1s planned to be continued 1n 1996

The company also studied the possibilities of heating Tbilis1 residential districts by
means of geothermal energy There 1s an opimon that this way it 1s possible to heat
region with 120 000 population 1 Tbilis

Similar studies were carried out in the city of Zugdidi Zugdidi mumicipality 1s ready
to direct some funds to heat Zugdidi schools and hospitals by means of geothermal
water It 1s even more promising to use geothermal water for industrial purposes

“Burns and Roe” specialists will also study the gas supply system (condition of the
pipeline and the pump stations) and prepare technical documentation This problem is
common for Georgia and Armema

The company performed 1nspection and verification program and prepared inspection
documents for Unit N 10 at Tbilis1 Thermal Power Plant



At present the 1ssue of allocation of large loans for Georgia by World Bank and
European Bank 1s being discussed The loans will be used for rehabilitation programs
of Unmit N 10 (Tbilist Thermal Power Plant) and hydro power stations The hydro
power plants selected for rehabilitation program are Khrami 2, Tkibuli, Lajanun and
Vartsikhe “Burns and Roe” specialists worked out several options of the projects

There are also plans to rehabilitate Georgian power network The Feasibility Report
for this project was also prepared by “Bumns and Roe” And even this 1s not a
complete list of “Burns and Roe” activity m Georgia

Galya Gotoua, Reporter

“Drom” (Times) -Tbilis1, Georgia
Article published 23-26 july,1996




USAID Exit Interview
Friday, 22 November, 1996

A trip to Thilis1, Georgia began on Friday, 1 November to work with the Burns and
Roe Enterprises Inc local staff and ARCI Consulting, the local subcontractor
consultant engineers on the following USAID delivery orders

D O No 11 - Thilist District Heating System Improvement Program,
D O No 25 - Zugdidi Geothermal Assessment

The main purpose for this trip was to review and mmtiate several critical heating
supply rehabilitation proposals 1dentified by last September and detailed by ARCI for
completion this winter Tighter procurement requirements by USAID for Georgia will
lengthen the time for 1ssuing purchase orders to contractors and sigming of contracts
Therefore, 1t 1s not likely that these heating projects will be completed this winter A
summary list of recommended proposals with description 1s attached

ARCI was given partial authorization in mud October to begin work on Zugdidi
assessment A survey has been started for making an assessment of existing wellfield
equipment, wellhead valve trees, distnbution piping and consumers facilities
Histornical background of the Zugdidi geology and geothermal development has been
completed and much original data has been obtained “Geothermex”, the “Burns and
Roe” subcontractor providing geology expertise, submitted a questionnaire for
inventory of geothermal test equipment and geochemustry test requirements for
Geothermia to provide answers Much capability may be available 1n Georgia from
Sakburgeothermia or Sakgaz Since there are no USAID funds provided for testing, 1t
1s crucial for the preparation of a credible assessment of the resource that at least the
most rudimentary tests could be conducted, to be monitored by Geothermex
Reference 15 made to the last USAID exit interview memo dated Friday, 9 August,
1996 with attached EBRD meeting notes dated 30 July, 1996, to avoid repetition

Prepared by
John E Halberg P E
Burns and Roe Enterprises Inc
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Meeting Notes
Wednesday, 20 November, 1996

Attendees

Caryle Cammuisa, Development Coordinator
USAID /Caucasus/ Thulisi

Zurab Menteshashvili, Manager, BREI Tbilis1

John E Hallberg P E, Task Leader

Subject D O No 11, Tbilis: District Heating System Development Program
“Cost effective solutions for meeting critical emergency heating needs by means
of rehabilitation
“Provide critical needed spare parts and materials”

Discussion
The purpose of this meeting was to coordinate with USAID - Thilisi to present several

rehabilitation and maintenance proposals for approval to use USAID funds, which are 1n
place, to meet critical heating needs for this winter Ms Cammisa was informed that
BREI Tbilist just recerved a summary of USAID changes in approach to procurement,
outhning key requirements and issues Because of the requirement for all procurement
activities to be executed in Washington, D C, 1t 1s unlikely that any of this work can be
completed for this winter

Ms Cammisa addressed the USAID focus on how these small rehabilitation projects can
contribute to the market development of the Georgian economy 1n that 1t gives local
contractors the opportunities to gamn experience in free market activities, such as
competitive bidding, negotiating, contracts, and nternational procurement It also
contributes to business development and local employment

Ms Cammisa was shown the English translations of design documents of several
proposals prepared by ARCI Consulting, the BREI local subcontractor, in Georgian
However, the original documents have not yet been prepared m typewritien form suitable
tor submuttal to contractors as tender documents ARCI 1s awaiting BREI authonzation
based on USAID approval, unless the new procurement guidelines require this work to be
completed 1n Washington, D C

Ms Cammisa expressed concern about the amount of time the new procedures will take,
that nothing 1s likely to be accomplished for this winter, and that it i1s important to
maintain USG assistance visibility at thus time Also, she wanted to know what the cost
impact will be for these additional layers of admmustrative involvement She was
informed that each procurement specialists trip to Tbilis1 would add about $8000 per trip
in travel, lodging and per diem and at least two trips would be required Mr Bill Smuth,
USAID, Manager - Transcaucasis Energy Programs from Regional Office - Yerevan will
be in Thilisi next week Ms Cammisa said he 1s very interested in the magnitude and
seriousness of the heating problems 1n Tbilisi, and they plan to discuss these issues and

240



visit some of the thermal stations, and wanted suggestions of where to go BREI offered
to bring ARCI and show them two or three of the largest and newest multi-millhion dollar
tacilities which haven’t operated since 1991, haven’t been preserved, and have sustained
substantial damage

Ms Cammusa stated that she will discuss the procurement 1ssues with Mr Smuth She
said that the US Embassy may have an interest in expediting some of the winter 96-97
rehabilitation work She also requested BREI to attend the EC coordination meeting on
Friday, 22 Nov at 10 30 AM to present a general overview of the work BREI 1s doing in
Georgia She stated that representatives from USAID, World Bank, UK, Germany,
Hagler Bailly and sometimes other contractors attend She would hke to see BREI
become more involved 1n these meetings and will be in regular contact with Mr
Menteshashvili about future meetings

Notes prepared by

John E Hallberg P L

Senior Mechanical Engineer
Burns and Roe Enterprises Inc

w/attachment

cc USAID, per request
Zurab Menteshashvili, BREl/ Thilisi
Douglas Tuckhorn, BREl/ D C
Glenn Fick, BREI/D C
Sam Gerges, BREI/D C



SUMMARY I1-22-5¢
Winter 1996-1997 Heating System
Rehabilitation Proposals ’

Description Budget
Estimate
1 School No 169 - 1nstall a decentralized hot water heating $ 14,589

system with gas fired hot water boilers, preassembled and skid
mounted in an outdoor water proof metal enclosure

Benefits high visibility to public, heated school rooms for children,
business development for Georgian contractor, substantial energy
savings, using cleaner burning gas vs more expensive diesel oil

2 School No 182 - instail a decentralized hot water heating $ 14,589
system with gas fired hot water boilers, preassembled and skid
mounted 1n an outdoor water proof metal enclosure

Benefits high visibility to public, heated school rooms for children,
business development for Georgian contractor, substantial energy
savings using cleaner burning gas vs more expensive diesel oil

3 Matermity Hospital No 5- repair two gas fired hot water boilers, $ 9,600
repair gas supply piping add gas meter

Benefits high visibility to public, additional revenue to the hospital
from state, business development for local contractors, energy savings
using clean burning gas

4 Matermity Hospital No 4 - repair two gas boilers and pumps, repair $8,789
water softener equipment, distribution piping, insulation, add meters

Benefits high visibility to public, additional revenue to the hosprtal
from private citizens to pay for fuel, energy savings using cleaner burning
gas vs more expensive diesel o1l, private sector business development

5 Burn Hospital - installation of solar collector hot water supply system $ 25,320

Benefits high visibility to public, energy savings by reducing
consumption of natural gas and diesel oil, no environmental
emissions, business development and employment

e
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6 Lisi Geothermal Well Thermosiphon - completion of piping, repairs  $45,000
to wellhead tree valves, install instruments for monitoring resource level
and draw down during changes to production flow

Benefits high visibility to public, improve and increase hot water supply
to Lis1 district, obtain flow test data for next phase development, business
development for local contractor, employment, no use of fuel or power, no
environmental pollution

7 Thermal Station No9 -Provide substantial contract maintenance support $ 50,000
and materials to repair boilers, controls, equipment and piping, to be able to
operate the plant and supply heat to central Tbihis1 government buildings,
private business, banks and schools

Benefits very high visibility, gain attention for privatizing this energy
supplier, show profitability of this facility as incentive to finance
proposed $ 5,500 000 rehabilitation, cogeneration repowering and power
and heat metering project
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USAID Exit Interview
Friday, 14 February, 1997

A trip to Tbilis1, Georgla began on Friday, 31 January to work with the Burns and Roe
Enterprises Inc, local staff and ARCI Consulting, the local subcontractor Consultant
engineers on the following USAID delivery orders

D O No 11-Tbihs: District Heating System Improvement Program
D O No 25 Zugdidi Geothermal Assessment

Status of D.O, Ne.11

Seven of mne project design proposals were completed last November 1996 of which six
were intended for winter heating systems rehabilitation work BREI 1s awaiting approval
from USAID to 1ssue a purchase order to ARCI for Construction management services for the
six projects (see attached hist) Because of tightened purchasing requirements, this work will
not be completed for this winter ARCI 1s still awaiting a purchase order for prepanng the
D O No 11 rehabilitation proposals before completing the remaimng two sub-task 1eports

One sub-task required by USAID 1n the delivery order 1s to prepare a design proposal for a
pilot metering installation and program for billing, payment and control of energy
consumption (for electricity, gas, heat and water)

It was rumored last year that another metering project was being implemented in Thilisi
USAID informed BREI this trip that the World Bank was financing a metering project
Subsequently, Hagler Bailiy indicated that TACIS/KANTOR with NRECA had an office at
Sakenrgo BREI had a meeting with NIKOS TSAKALIOIS ot KANIOR and found out that a
metering project started October, 1996 and will be completed by July, 1997, with information
gathering to follow This metering project 1s titled “Payment Disciphine and Financial
Management in the Georgian Electricity Sector” The part of metering program for Thihisi
mnvolves 200 residential families and 6 commercial establishments in KRTSANISI district
[his example of having to dig for information ndicates a need tfor better coordination and
sharing of intormation about projects in Georgia

Status of D.O. No.25
ARCI completed Phase 1 and sub-tasks 1 and 2 of Phase II They are still awaiting a purchase

order for this work The remaining sub-tasks and Phase 1II report entails the local survey
work, wellfield assessment and mimmal testing with Geothermex welltield engmeer
presence This work will Include preparation of business plans, financial analysis and
presentation of necessary reforms for government restructuring, leading to support of jont
ventures and/or privatization of commercial Enterprises as required by EBRD

As soon as purchase orders are 1ssued, a trip to Zudidi by BREl, ARCI, Geothermia and
Gothermex will be scheduled, hopefully by April, 1997

Prepared by
John E Hallberg P E
Burns and Roe Enterprises Inc
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SUMMARY
Winter 1996-1997 Heating System
Rebabilstation Proposals

Description

1. School No 169 - 1nstall a decentralized hot water hesting
system with gas fired hot water boilers, preassembled and skid
mounted 1n an outdoor water proof metal enclosure.

Benefits high visibility to public, heated school rooms for children,
business development for Georgian contractor, substantial encrgy
savings, using cleaner burning gas vs more expensive diesel ol

2. School No 182 - stall a decentralized hot water heating
system with gas fired hot water boilers, preassembled and skid
mounted 1n an outdoor water proof metal enclosure

Benefits* high visibility to public, heated school rooms for children
business development for Georgian contractor, substantial energy

savings using cleaner burming gas vs more expensive diesel ol

3. Matermity Hospital No §- repair two gas fired hot water boulers,
repatr gas supply piping add gas meter

Benefits: high visibility to public, additional revenue to the hospital
irom state, business development for local contractors, energy savings

using cleun burning gas.

4 Matermty Hospital No 4 - repair two gas boilers and pumps, repair
water softener equipment, distribution piping, insulaton, add meters

Benefits: high vissbility to public, additional revenue to the hospital

I-22-%

Budget
Estimate

$ 14,589

$ 14,589

$ 9.600

$8.789

trom private citizens to pay for fuel, energy savings using cleancr burming

gas vs more expensive diesel o1, private sector business development

5. Burn Hospital - installation of solar collector hot water supply system § 25,320

Benefits: high visibility to public, energy savings by reducing
consumption of natural gas and diesel oil, no environmental

emissions, business development and employment



6. Lisi Geothermal Well Thermosiphon - completion of piping, repairs  $45 000
to wellhead tree valves, install instruments for monitoring resource level

and draw down during changes to production flow

| Benefits: high visibility to public, improve and increase hot water supply
' to Lis1 district, obtain flow test data for next phase development business
development tor local contractor, employment, no use ot fuel or power, no

environmental pollution

7 Thermal Station No9. -Provide substantial contract maintenance support % 50 000
] { and materials to repair boilers, controls, equipment and piping, to be able to
operate the plant and supply heat to central Thilis1 government buildings,
private business, banks and schools

Benefits very high visibility, gain attention for privatizing this cnergy

. supplier, show profitability of this facility as incentive to finance
proposed $ 5,500,000 rehabihitation, cogeneration repowerning and power
and heat metering project

21F
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, - Burns and Roe Enterprises, Inc.

27 Rustavel Ave  Thilisy, 380008, Georgia, Tel (99532) 9358 99, Fux (99532) 99 06 89
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Thbilis1, Republic of Georgia

e-mail JIJ@BRE kheta.ge, BRET@bre ge
Telephone 99532 93 58 99
Reply Fax 99532 99 06 89

Date 19 May, 1997 Time 17 30 W O #5908-02
[0 Douglas Tuckhorn FROM Zurab Menteshasin il

[§ 4

Suhject Possible projects Reference

Number of Pages (including cover sheet) +

Dear Doug

We could dentity and develop/or participate in various projects ot ditferent scales and ducctions

Our main lack of competence ts 1n approach to potential 1vestors

Otherwise we can imtiate many different projects which will be highly beneticial trom the point
‘ ot view ot reform policy / environment, energy saving and efficiency, and could contorm with

plans and intentions of different international agencies including restructuring privatization ete

1high qualitfication and relations of our engineers are the valuable assets which should be utilized
to full extent They have participated 1n many projects and have a good knowledge in many
wpects of energy sector

L.et me give you some examples

1) Repowering of old Gardabant units
This 15 a Tumur Mikiashvili’s 1dea With kind assistance of John Hallberg he has done a

preliminary evaluation

Descrption
[ here 1s a great deficit ot base power in Georglan power system which is onc of the main

obstacles on the way to country’s development Base power 1s produced at Gardabam Thermal
Power Plant (GTPP) by old steam turbine units #3 and #8 (capacity ~120MW each) and a new

unit #9 (250-300MW)
[he old units are 1 a rather poor condition and have low etficiency Rehabilitation ot unit #10 15
underway but this will be insufficient to meet the country s need for base powdt

. It 1s proposed to reconstruct one or several old unit(s) 1nto a combined cycle plani(s) bv
dismantling and replacing the old obsolete boiler(s), adding new gas turbmne gencrators



A

This 1dea 1s new and has not been considered by Sakenergo or Government However 1t 1s very
hikely that soon it will become popular, since 1t 1s 1n line with international practice and has
especially many advantages in our particular case

¢ [he project will reduce the great deficit of base power 1n Georgian Electric Power System
by 150MW (per one unit)
s The efficiency ot the resulting plant will be much higher then that of existing units (more than

50% vs existing 30% )
e The project can utilize the existing steam turbines, existing plant facilities and constructions
e We can probably apply experience of B&R gained from Russian study two ycars ago
e The expected cash flows of the project and comparison with other options show the high
profitability of our proposal

! have mentioned this :idea to Bill Smith who was quite nterested and told that USALID wants o ‘j
mahe 1ts activity ‘visible” The USAID funded feasibility study for the proposcd preject could be
lughly vigible

Now this must be even more true, since the recent matter with Transgaz has not added much to
positive visibility ot AID M

2) Thbilist heat-power plant study

This 1s a 16MW old heat power plant which supplies power and heat to a small district i the
center ot ity Itis now a government owned joint stock company, 50% of shares will be sold in
near tutwe The personnel will be offered considerable number of shares Presently the
management 1s looking for a chance to perform a feasibility study for rehabilitation of the plant

md to prepare a business plan in order to attract investments  Our engineers and ArCi will ‘

probably start the imtial stage a pre-feasibility evaluation The 1dea of combined cyvcle plant wall
he most hikely applicable 1n this case also

[ here will be a plenty of such work in {uture, since the privatized enterprises will ned the
cvaluation technical auditing and recommendations for improvement of their assets

3)Coal-fired power plant near Tkibult (West Georgia)
[ kabult 15 an old developed region of coal mining stuated in West Georgia Currently the mines
ate not opetating  In the government a priority 1s given to possibility ot construction ot coal-fired
tharmal power plant near Tkibuli  The estimates show that the coal will be enough tor at least 30
vears operation of 100MW plant This project 1s popular in government since
e 1t provides a source ot base power tor developed industrial region (presently the only base
power station 1s it kast Georgia)
uttlizes the cheap local coal
e provides employment for a great number of workers and perspectives ot turther industrial

development (production of gypsum, concrete etc )

Zutab had a discussion with deputy head ot Saknakhshin (Georgian Coal - department under
Nmstty of Fucl and Power)  There ts no developed project yet Some German i estors are

ready to conduct a feasibihity study for mines and probably will contribute 23% financing tor the .

whole project 1n case there will be other investors



lhete 1s a need tor feaibility study related with coal fired power station, because currently rather BlE]

hittle 15 known here about technical and economica! parameters of this kind of plant These project UK e

(preparation of feasibilty study) 1s also of the scale that fits well in USAID tunded project s size LUG,

and this subsector of energy sector of Georgia (coal and associated plant) have not been covered ANS:

vet bu USAID This might be an advantage CFg
Plotesp,

4) Pilot project for establishing a heat and power metering&collection system in a selected
district of Thilist (You have discussed 1t several imes with ARCI) I

It seems that this project conforms very well with AID objectives of increasing ceononuie D"g s |
cilicieney restructuring and private sector participation in the enegy sector

it promotes market oriented mentality energy saving and environmental awareness ot the

population

§) TACIS 1s going to estabhish an energy saving office 1n Thilisi and there as a tender
announced  We were visited by a potential bidder who was looking for a tuture basis tor thar
wtivitics and was seeking for cooperation There 1s a chance to contact other bidders as well and
o otfer our services  One of our engineers (Otar Vezinshvilt) is already working as an expert in
UACHES project

6) Batumi heating & coohng preject (see attached)

7) Using expernience ol our engineers we can also become involved in some other activities 1edated
with detcrmination ol optimal scasonal and daytime taniffs for heat and clectie powar tudd
meteting systems at Gatdabani Thermal Plant cnergy saving measures & alternative power
SOUCES

i all of thoese bields thare are new ideas suggestions or designs dos dloped to some exient

We plan to discuss some of these issues with local USAID here and to somehow condlae with
theu tutwre plans  We can also continue to explore possibilities in the mentioned ditections
howevar itwould be very helpful if we had at least a shght 1dea about B&R posuible plans in
Creotgia and also 1f you could provide us an advise on what could be the possible finanang

soutces tor the bove activities

[1 15 vary likelv that many 1f not all of these projects will be implemented sooncr or latet

regardless to our participation  So it would be a pity to miss a train
We could apply more targeted efforts in ditferent directions and the time 1s now !

Bustregands

\urman/Zutab



Heat and Cooling Supply to Batumi Central Blocks on the Basis of Heat Pump
and Batumi Thermal Power Plant

Place of project implementation Batum:, city with developing economical infrastructure, 1s
capital of Adjara Autonomic Republic (Georgia) Batumu 1s situated on the Black Sea coast close
to border between Georgia and Turkey 1 the subtropical health resort and tourism zone Batumu 1s
one of the main ports of Georgia Oil processing plant, Autonomic Republic Government and
Cultural Centers are situated 1n Batum

Problem of city heating Heat supply to the central blocks of Batumi s arranged by means of low
capacity thermal stations that are using fuel o1l (mazut) This method of heating 1s not effective
from economical and ecological viewpomnts Exhausts damage Batumi, one of the main health
resorts and tounism centers of Georgia Therefore, modermzation of the heating system 1s very
important today for Batumi

Possible results of project realization Heat supplying complex system in Batumi on the basis of
suggested project guarantees economy of fuel and energy resources and improves ecological

situation 1n the region

Project parameters 200 Gceal per hour heat and 20 Gceal per hour cooling 1s planned for air
conditioning by means of absorptive heat pumps and Batumi Heat Power Plant According to
preliminary calculations approximately 22000000$ are needed for project realization Loan can be
repaid during 3,5 years Fuel economy equals to 120000 tones of conventional fuel per year

Works required Working project to be designed, Heat pump installation in Batunm Power Plant
to be carried out, Heat routes to be rehabilitated and extended in Batumi central blocks

Potential consumers City municipal building blocks, O1l processing plant

Partners during project design Group of Georgian specialists
L
Guarantees Loan repayment conditions and guarantee conditions will be agreed in contract with

foreign ivestors according to the norms of Adjara Autonomic Republic legislation

Realittes Group of project authors has prehminary agreement with Batumi Communal
Administration Department about necessity of suggested project However, local financial
resources are insufficient for project realization aims Participation of foreign investors 1s needed

Note This project was awarded prize of Ministry of Fuel and Energy of Georgia on the annual
competition




Burns and Roe Enterprises, Inc.
-- 27 Rustavelr Ave , Thilisy, 380008, Georgua, Tel (99532) 9358 99 Fav (Y9532) V9 06 &Y
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- " Cighmag el 3086 27 mdognabio J80008 hsfommgjemem By (99532) 93-18-99  ops fha (99512) 99-0h 89

Tbilis1, Republic of Georgia
e-mail BRET@bre ge
Telephone 995 32 93 58 99
Reply Fax 995 32 99 06 89

Date May 15, 1997 Time W O #5908-02
{ () Doug Tuckhornl FROM Murman Ma gvelasinili

Reference

Number of Pages (tnciuding cover sheet) 2

Doug

We have a strong teeling that the country is at the start of fast development and there are many
different projects emerging Having some experience and a very good team of engineers
hnowing people around, with a more active attitude we can take part in many of these  Towever
we didn t have any teeling on what the B&R plans for future could be

We want to use the time before your arrival for active information exchange n order 1o mahe
vour trip maximally effective and beneficial

. Thore are several types of activities i which we could participate

1Y Our engineers are working on pre-feasibility studies of some projects which seem ver
dlitactive from different points ot view (technical, economical political ) Lhere1s a hope
that at least some of these could be interesting tor international donuts vt other linanetl

dgeneies
2y Ihae ue wtivities of other companies where B&R could participate as a subcontiactor (hike

TACIS energy saving office) or work in cooperation (ARCI )
3) Manv plants are 1n need of feasibility studies and different kinds ot technical evaluation (to

wdentily rehab measures, prices for privatization etc )
4) lhere we many new projects atound with a great deal of engineenng

We will be sending more detailed information in each of these fields

W hope 1o have contact USAID on the issue ot their policy in the region howeyer 1 don t think
they have developed any comprehensive approach yet (¢t the page we teecnved on o icquest tor
« policy document)

It would be very helptul to have your comments and some guidelines

[{ B&R 15 really interested 1n our region, we believe with thorough and caieful yomnt etiort we
. could buld up a reputation of the company as one of the most cltective and 1chable pattners m the

Lnergy seclor

Murman/Z urab

AL




LIPATIIDML JIALIZISEN PARLIAMENT OF GEQRGIA

00AJ3ML LIBI",Y A ENVIRONE,Z 'TAL PROTELT:ON
Q) Vﬁ, AND
3363340317 AL HI310b N~TURAL RESCL"2ES
Jmana3an COMMITTEE o
SHOUN ardugolin  Mybeaggpant 3 1d%eme 8 8 Rustavelt /ve Thiliss 380038 Ce g
Gyoagmbe 8081 27 lelephony  +995 (8832) 993 127
gofbe 1 00-56-41 Teletan  +995 (3832) 995 641
are geobde 1 eonremi@parhiarent ge N __.Il Met ep'ln'".“_@ir_’f __"_f'l! ge
L 69

18 . 12439d0y60
1996

POV A 1) b IATND) 3 RO o030 Y Bl o B TembGi
Al )13 A AR D LIAGH I s |

To  O‘ar Vardigore™ TRANCLATY o
President
Geotherm:a, L+d

From Givi Giginers vils
Nead of Com nrttee
Environmerta Protectior and
Natural Rescr.-ces Commiuttee

December 18, 1996

Dear Mr Vardigore! ,

As you krow, there was a wide conference eld or the 1ssues of ut  7ation of exist o,
geothermal water resources or December 6, 1996, 1n Environmental Protection and

Natura' Resources Commuttee of the Georgian Par'iament

We are sending you e decistons made by the Commuttec (unclosed) regarding the
1ssues mentioned above

(1wo appendicies)

Respectiufly Yours

Givt Grgrnershvr'y .

Head of the Commettee



CONCLUSIONS

of the Conference of the Environmental Protection and Natural Resources
Committee
of the Georgian Parhhament
on
Utihzation of Existing Geothermal Water Resources in Tbilisy

Hercby, the Environmental Protection and Natural Resources Commttee of the
Georgian Parhament confirms,

~1ts willingness to support the provisions stated forth in the document Agenda ot the
XX1 Century” of the “Program of the 21 Century Global Sustainable Development”
adopted by the UN international conference held in 1992 1n Rio-de-Janero,

Provided that the Commuttee considers the Decree of the President of Georgia on
setting the Commuttee for Sustainable State Development,

-Georgian geothermal water resources are valuable natural renewable energy
resourses,

- rational and efficient development of the Georgran geothermal water resources is the
significant factor 1n sustainable development of the state,

-rational utithization of the existing geothermal energy in Georgia 1s available and
urgent at the present moment,

- development of the Georglan geothermal water resources 1s allowable from the
environmental point of view,

- there 15 a state entity available (1e Minstry of Lnergy of Georgra) which s
supposcd to implement state policy in energy sector,

-there 1s a market-economy-oriented legal mechanism (1e¢ Law of the Georgian
Parliament on Underground Resources) available at the moment 1n Georgia which 1s
involved 1n the existing geothermal water extraction and distribution,

- energy sector 1s considered to be the prionity branch, international fundipg
organizations are being informed of this 1ssue,

-the German Government 1s greatly interested in rehabihitation of the Georgian energy
sector and through imvesting policy (about 40 mul DM bemng already spent) the
German party renders its assistance in three directions power energy generation,
power transmission lines and thermal supply

%
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Thus, the Commuttee thinks 1t reasonable

1) to consider utilization of the alternative energy resources, including geothermal
waters as significant component of the renewable resources, as the prionity ssue for
heat supply source to those local entities and districts, where 1t 1s allowable from the
environmental and efficiency ponts of view,

2) to support any undertaking regarding the development of the geothermal water
resources aimed at providing the Georgian population with heat supply,

3) to support the project proposed by the company “Geothermia” on Utilization of
geothermal Waters 1n Thilis, particularly, Lis: lake area, and 1s aimed at providing the
Thilist population with heat supply,

4) to apply to the Georgian Ministry of Trade and Foreign Economic Relations (K
Zaldastamishvili, the Minister) to render 1ts assistance in implementation of efficient
investment projects which are designed by the German party jomntly with the
company “Geothermia” to contribute to existing geothermal water resources
development 1n Tbilisi,

5) to apply to the Georgian Mimstry of Energy and Fuel (D Zubitashvili, the
Mimister) to submut the said issue to the President of Georgra in order to make
utilization of the energy sources, particularly the geothermal energy source, a prionty
task 1n supplying the Georgian population with heat,

6) to apply to Tbilist Municipality (B Shoshitaishvilhi, the Mayor) and the State
Department for Land Managment (Z Gegechkon, the Head) to allot certain land plots
to the company “Geothermia” by the moment the project 1s being realized

22Y
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Dr Subir K Sanyal

President, GeothermEx Inc

5221 Central Ave , Suite 201, Richmond,
Ca 94804 USA Fax (510) 527-8164

‘ . Dear Dr Sanyal,

The Ministry for Fuel and Energy of Georgia determints the
development policy of Renewable Energy including Geothermal Energy
in Georgia

The Ministry will support In every possible way under mutually
favorable conditions the co-operation among the Georgian party and
"GeothermEx, Inc" and "Burns and Roe, Inc" which are extremly
experienced in exploration, construction of geotermal fieids in many
countries, and which are famiiar with Lizi and Zugdidi fields data in
Georgia

Sincerely,

Minister 12 s ,,M

Dawvid Zubstashwvili
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Mr Charles Curtis,
1000 Independenece Ave , SW, Washington DC, | |

20585 USA Fax (202) 586-9260 . \

Dear Mr Charles Curtis,

| am contacting you to ask for your cooperation in order to implement the
project which would be of great benefit to the city of Thilisi

Thus project concerns hot water supply for 300 000 famihes in the residential
district and heating systems for kindergartens, schools and hospitals in the area as

wel!

Eight geothermal wells had been drilled for this purpose dunng 1980°s before
Georgia entered nto its period of economic chellenges We are very interested in
using these existing wells sn order to increase the hot water supply to the city
Implementation of this project could replase 50 000 tons of o1l per year ( 65MW of
energy) which would decrease carbon dioxide emission and would allow our country
to fulfill sts obligations according to the Global Climate Change Treaty, which
Georgia has signed up It could serve as a possible project for the US International
Joint Implementation Programme and could assist companies involved in

Geothermal Energy and distinct heating supply
| ask that you give careful consideration to this reguest for cooperation on the

project which, we do believe, could be of great benefit to both countries

-~

Sincerely,

Minister
David Zubitashvil L &/f/é /@

Professor Guram Buachidze
Acadewy of Sciences .
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MEETING NOTES
Tuesday, 27 May, 1997

Location.  ARCI Office, Tbilisi, Georgia

Attendees. John E Hallberg, BREI (Ca)
Zurab Menteshashvili, BREI (T)
Alexander Arobelidze, ARCI
Dimutrt Kostiadi, ARCI
Kakha Karumidze, ARCI

Subject D O 11, Thilis1 Distnict Heating Improvement Program

CUssl

Alexander informed us that ARCI was awarded a tender for rehabilitation of TS-9 (for
privatization) for providing heat to the parhament building this winter This 1s a reduced
scope heat only project for our Subtask 1 Thermal Station No 9 Rehabilitation Proposal
Our proposal 1s still valid and could be an extension of this work In fact, it may be even
more attractive for financing as a private investment and mmproved fuel utilization

efficiency by cogeneration

Sakenergo bid against their offer by proposing to supply heat from the Tbilis1 Thermal
Electnic Station (TES) This station has become a hot topic of discussion 1mn the
government for rehabilitation (repowering) and privatization

Alexander suggests to add TES as a rehabilitation proposal to our report They would use
the funds from Subtasks 3+4 to prepare the proposal They will use the funds from
Subtask 2 to prepare the summery description only of Subtasks 2,3 and 4 projects, since
these three hospitals are already privatized and self-sufficient

There 15 a real concern about the results of privatization and the disposition of assets TS
No 8 was recently privatized and nobody knows what the owner will do with plant May
be demolish? There needs to be some prerequisites for privatization to tnsure success,
such as a business plan, management structure, accounting system, financial backing, etc

ARCI scope of work for DO 11 does not include any requirements for developing
privatization plans However, the delivery order addresses strategic objectives for our
work, which implies that we should at least_discuss the necessity for the recipients of
financing to meet the necessary prerequisites (See attached)

ARCI 1s becoming more frustrated and disillusioned with the fact that 1t has been over a
year and ARCI still does not have a contract to complete the engineering for both D O 11
and D O 25 ARCI has been working on many other projects for World Bank, Mumcipal

¥
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government and other Contractors, and they can see that the Europeans are far ahead of
us in development of real projects for privatization .

ARCI would very much like to Continue a working relationshtps with BREI and USAID,
however, 1t 1s no secret that they are actively seeking another engineering consultant to
team with, preferably European, to take the opportuities BREI and USAID are losing for
American Business prospects

CLARIFICATION 27 MAY,1997
DELIVERY ORDER No 11

Thilis1 District Heating System Improvement Program
SCOPE OF WORK

1 Develop short, medium and long term rehabilitation plan
Strategic Objectives
a Strengthen nstitutions and energy management capabilities and establish a
climate for efficient competitive private-sector markets
b Foster the emergence of a competitive, market-oriented economy 1n which the .
majority of economic resources are privately owned and managed
¢ Result in Commercially viable private sector capability developed to provide
energy services, mncluding production and distribution
3 Rehabilitation Plan
a Develop proposals
b Develop budget capital, operating and maintenance cost estimates
¢ Identify potential financing sources
d Pilot Project-metering, billing, payment and control system to support future
commerciahization of the district heating company (Pnivatization)
4 Assessment Resources

Development of an Energy Policy 1n Georgia TACIS/92/EGEGO 1

Intenm Report, Sectorial Working Paper No 6, Rehabilitation of Urban
District Heating Systems, October, 1997

e Development of an Energy Policy i Georgia, TACIS/92/EGEOO 1/ Final

Main Report (Draft)

a Government of Georgia

b Thilisi Municipal Heat Commuttee
¢ International financial institutions
d Western Consultants

e Existing studies

L J

L}
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MEETING NOTES
Fniday, 23 May, 1997

Location Geothermua, Ltd Office, Thilisi, Georgia

Attendees  Otar Vardigorel: Geothermia, Ltd
Nodar Tsertsvadze Geothermia, Ltd
Guram Buachidze Geothermma, Ltd
Levan Tsertsvadze Geothermma, Ltd
Dawvid Bachakashvili Sakburgeothermia
Edvardo Granados GeothermEx (Ca)
John Hallberg BREI (Ca)}
Zurab Menteshashvili BREI (T)

Subject DO 2 Zugdidi Geothermal Well Testing

Discussion

Ed Granados of Geothermex discussed his observations and assessment of the
condition of existing wells which we inspected at Zugdidi and Tsaishi There was
agreement on the selection of wells for flow and pressure tests and observation well
level tests and the need to rehabilitate the well head pipe tree and valves on five
artesian wells Geothermua provided well temperature profile and geologic data for
seven wells, which BREI Thilisi will provide copies for Geothermex Data for
additional wells will be provided later

Geothermex will send drawings of a wier box and tank size along with a test plan n
late June The wier box can be fabrnicated from existing salvage steel plate from the
area A proper size surge flash tank can also be salvaged from the area

ARCI will review the previous cost estimates for repair to wells, rental of locally
available mechanical level recorders, analyses, etc Also, Geothermex will evaluate
the need for renting a well logging nig, and how long required 1f needed as this 1s the
largest cost 1tem

BREI will proceed with the request for funds so that this work can start It will require
about four to six weeks to repair the wells The actual flow tests and resource testing
and sampling will take six to eight weeks to complete Since DO 25 has been
extended to January,1998, there are only seven months to complete the pre-loan
assessment report for EBRD

Geotherrma requested that Eduardo Granados return to provide oversite and
witnessing of the start of testing, as he 1s quite familiar with the wells and resource
and design of the well test plan



Geothermia has again expressed Concern about protection of propretary data which
the principals have spent many years developing and hold ownership to This goes
back to over a year ago when Guram was pressing BRE! for some kind of Contract or
written agreement or memo of understanding This document would define the parties,
scope of work, duties and responsibilities, protection of proprietary information and
ntellectual property, performance , guarantees and disclaimers The parties shall be
USAID+EBRD, BREI+ARCI, and Geothermia, the “Company” and
Sakburgeothermia

7%0



MEETING NOTES
Friday, 23 May, 1997

. Location USAID office, Tbilisi, Georgla

Attendees  Caryle Cammusa, USAID Development Coordinator
John E Hallberg, BRE] (Ca)
Zurab Menteshashvili, BREI (T)
Eduardo Granados, GeothermEx (Ca)

Subject Delivery Order No 11,24,25 status

Discussion

Ed Granados of GeothermEx gave a description of our tnip to Zugdid: for nspection of the geothermal
wells, assessment of repair work needed for testing, getting additional well data from Geothermia and
agreements with Geothermia on preparation of a test plan About $25,000 is needed for repair of five
well heads and getting other equipment

Ms Cammuisa stated that she 1s very interested 1n the Zugdidi project and mentioned recent discussions
with other groups, such as UNDP and US-ECRE energy trade delegation She asked if BREI needs any
assistance n expediting P O ’s for repairing the well-heads for testing It wall require four to six weeks
to perform the work after receiving funds It 1s very important to complete these tests so Geothermex
can complete the resource assessment The flow testing and sampling of wells will require six to eight
weeks to complete It 1s necessary to obtamn this information for completing the pre-loan assessment
report for EBRD D O 25 has been extended to January 1998, so this leaves only about seven months to
complete ARCI still does not have a contract after one year of work, and still must prepare a business
plan and privatization plans, etc representing about 30-40% of their scope of work

We discussed some of the factors concerning cancellation of the D O 24-Natural Gas Transmission
system upgrade Ms Cammusa stated that USAID decided to cancel D O 24 because Parhiament passed
a decree that the natural gas transmission system will never be privatized because of the national
security However, 1t 1s reported that Transgas 1s presently 1n the process of reform, recently separated
from the Mimistry of Fuel & Energy, corporized as International Gas Corporation, and lobbying
Parliament to be removed from the list of strategic industries

Ms Cammusa stated that Transgas 1s getting a 10% transit fee, which 10 % of about $ 350,000 per day
of gas (5,000,000 cu m/day)l should represent enough money to get all the equipment they needed
However, the apparent reality 1s that very httle cash changes hands The 10% transit fee 1s accounted as
gas, of which 6 to 7% 1s 1n losses Of the remaming 3-4%, much of the gas 1s bartered for steel pipe,
cement, power, etc Apparently, Transgas gets very lhttle actual cash revenue to offset the hgh
maintenance costs which they report cannot be meet

1 There are discrepancies in the reported volume of gas being transported, from 3 to 12 million cubic meters per day and
prices of $55 to $85 per thousand cubic meters Maximum capacity of the pipeline at design operating pressure 1s 50
million cubic meters per day However, maximum capacity cannot be reached because of design derating due to corrosion,
pipehine damage and mablity of compressors to operate due to low pipeline pressure

RN
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Ms Cammusa 1s of the opinion that the IGC report was not an assessment of the condition of the gas
pipeline, but that 1t 1s only a list of recommendations for procurement It was reported that IGC w
unable to tour the mountain sections of the pipeline during their February, 1996 visit due to snow
cover However, Transgas provided numerous 1995 color photographs as evidence of the serious
conditions of washouts and exposure of the pipeline i difficult terrain two years ago Also, the lack of
electric power over the past several years, which 1s necessary for the cathodic protection systems, and
the continued detertoration of insulation will greatly accelerate corrosion and extensive failures,
possibly requiring replacement of much of the pipeline USAID apparently did not consider the
consequences of a complete failure of the pipeline for supply of gas to Georgia and Armema Already
the 700 mm pipeline to Armenia 1s reported to be out of service due to corrosion failure

Cancellation of D O 24, in which funds were 1n place for badly needed rough terrain equipment and n
which much work and time had already been expended, 1s counterproductive to insuring a rehable
supply of natural gas to Georgia and Armema BREI has supplied substantial amounts of data and
information to USAID as part of 1ts responsibility for executing D O 24 BREI was not informed what
reasons superseded the security of gas supply, but there must be more constructive ways to exert
leverage for privatizing Transgas A reliable supply of gas 1s of prime importance 1n support of the
success of the ongoing institutional reforms and privatized energy projects, some of which are proposed

mDO11

Ms Camissa stated that 1t 1s Gordon Weynands call if 1t i1s possible to transfer some of D O 24
remaimng procurement funds to D O 25 (This may not be true, as these funds may disappear, never to
be seen by us again)

It was suggested that we investigate the World Bank Mumcipal Development Plan Documentation for
possible loans related to improvement of the mumicipal infrastructure in Zugdidi This funding could be

in addition to the EBRD loan

EPRI also has some energy related program in Georgia

We discussed the pilot metering project which 1s part of D O 11 ARCI does not have a contract yet for
this work and will not start until authorized This project 1s dependent on a reliable supply of natural

gas

We were asked what 1s the status of the 1996 winter rehabilitation projects Because of the increased
USAID procurement procedures, BREI Washington 1s still working on 1t Since D O 11 extension ends
in January 1998 1t is possible these projects may not be realized
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(TRANSLATION)
To Paula Finey
USAID Representative in Georgia ,
From [ Zazashvili
General Director
Saktransgasmretsvi

cc Douglas D Tuckhomn
Program Manager
Burns and Roe Enterprises, Inc

. David Zubitashvih
Minister .
Munstry of Energy and Fue! of Georgia

Tbilisi, May 29, 1997 .

Dear Ms Feeney,

We would like to note that your letter of May 12, 1997 has caused our surprise and
regret more because the 1dea to render an assistance to us was your mmtiative, whereas
we have not breached any conditions specified by the assistance program

As you know, the Georglan main gas pipeline has been mstalled in the region with

most complicated landscape conditions where the roads in winter and other seasons

are often impassable, and 1t serves Georglan, as well as Armeman gas supply For

years due to financial shortages there has not been any preventive-rehabilitation works

carmied out for this system, moreover, the recent april flood has deteriorated the

. system Therefore, it needs to be rehabilitated urgently, otherwise rehable and
sustainable gas supply would not be provided, especially i winter time



Under these circumstances, we think the cancellation of the assistance program at the
moment will sharply reduce our ability to carry out an urgent rehabilitation works to
get prepared for coming winter

Of course, we are very grateful to you for the chromatograph and leake detectors
which you had kindly provided to us But the main and most badly needed help from
your part would be the provision of emergency utility trucks for us The absence of
such equipment makes extremely difficult to deliver the required matenal and
equipment to the failure sites This would really be a help not only for Georgia but for
Armenia, as well

In addition to the sharp tone of your letter, we are surprised by the fact that despite
the symularity of Georglan and Armeman gas industry structures, including accounting
systems, Armeman gas industry will recerive humanitarian aid, while we will not,
even though Saktransgasmretsvi accounting system has not changed since you have
pronused to render your assistance/

As far as the reforms 1n commercial, pnvatization, legislation issues and
establishment of transparent accounting, financial and management system, are
concerned, Saktransgasmretsvi 1s ready and willing to take active participation n

these 1ssues

We would like to inform you, also, that Saktransgasmretsvi i1s implementing the
computerization program 1n dispatch services accounting which will make the

relevant information widely available

Based on the above, we hope you will consider the deteniorated technical condition of
the existing Georgian gas lines and the high responsibihity regarding gas supply to
critical sites in Georgian and Armenian systems and review the possibilities of
renewing the mentioned program, hopefully, with positive results for us

Sincerely Yours
I Zazashvihi
General Director

1%
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- Meeting Notes
Tuesday, 30 July, 1996

A meeting was held at the Metekhu Hotel at 7 PM to discuss status of USAID Delivery
Order No 25 - Zugdid: Geothermal Project assessment for EBRD financing

Altendees,

Lars Hultin European Bank for Reconstruction and Development
John E Hallberg Bumns and Roe Enterprises

Alexander Arobelidze ARCI Consulting

Ivane Zazashvili SAKTRANSGAZ

Dawvid Bakashvili SAKBURGEOTHERMIA

The purpose of the meeting was intended to present to EBRD our findings dunng the first
phase assessment. However, ARCI has not yet been authonzed to proceed with their scope of
work Therefore, a bnef summary of preliminary work accomplished to date was presented.
The preliminary report for EBRD/USAID review wiil have to be submutted later this year

We first duscussed the problem of trying to determune the present orgamizational structure and
chain of command of vanous departments mvolved 1n geothermal enesgy ARCI Consulting
will describe the ownership structure and nstitutional reforms 1n the prelimnary report. As
understood at this time, ownership 1s pnmanly state, with division of responsibility indicated
as follows

30% Sakburgeothernua
Exploitaton
Care of 90% of geothermal wells
Own two dnlling ngs

50% Mumcipality

Distribution

20% Geothermua, Lid (Quasi-pnvate)
Operation

As discussed dunng this meeting, the following EBRD cnitena and suggeston should apply
to the Zugdidi geothermal distnct heating project.

1 Financing 1s for public project ($10 mutlion mimimum)

2 Loan 1s to the Government with guarantees through Minister of Finance

3 The Mimstry of Energy shail declare the Zugdid: geothermal distnct heating rehablitation
project as a prionty

¢
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It 1s suggested to incorporate the majonty of resource testing expenses withun the project
cost as part of normal startup testing

[t 1s suggested to propose ownership structure by means of Joint Stock Company with
51% minimum government ownersiup It will be advantageous to include the thermal
recipient commercial enterprises to participate An example 1s the joint venture German-

Georgian tea factory

A business plan with thorough market research as backup shall be submutted

Some terms of the loan

Interest rate - 1% above LIBOR, vanable

One percent front end fee

One percent interest on unused funds

Penod of loan - 15 years

Interest payment due immediately upon signing

Up to two year grace period for pnincipal payments while project 13 completed, ready --
to operate

If project 1s not selected for public financing, a backup strategy shail be investgated to
seek private project financing from EBRD and other sources. EBRD will only provide
35% financing with $10 mullion mummum loan for private projects. This means a §30
muilion pnivate development project possibly incorporating secondary financing for the
large thermal host enterpnises It would help to find foreign investment through jomnt ‘
ventures of a large holding company to secure thus sum of investment. However, the

potential returns from the enterprises revenues could be very attractuve to nvestors, and
export of quahty food products could secure badly needed hard currency for Georgia.




SAID TERV
Thursday, 5 June, 1997

A trip to Thilis1 Georgia began on Sunday, 15 July to work with the Burns and Roe
Enterprises staff, ARCI Consulting, Geothermia, Geothermex and Sakburgeothermia
on the following USAID Delivery Orders

D O No 11 - Thilis1 District Heating System Improvement Program
D O No 25 - Zugdidi Geothermal Assessment

The main purpose of this trip was to travel to Zugdidi with representatives of the
previous mentioned firms to mspect the geothermal wells at Zugdidi and Tsaishi
assess the conditions of wellhead valves and piping and determine what repairs are
needed

Personnel traveling to Zugdid:

David Bachakashwvili - Director, Sakburgeothermia

Nodar Tsertsvadze - Geologist, Geothermia

Eduardo Granados - Manager, Drilling Services, Geothermex
Zurab Menteshashvili - Manager, BREI (Tbilisi)

John Hallberg - Task Manager, BREI (W)

Dumitn1 Costiad1 - Project Manager, ARCI Consulting

The Geothermex Manager of Drilling Services, Eduardo Granados had discussions
with the principals of Geotherma and Sakburgeothermia on developing a test plan for
obtaining valid temperature, pressure, flow and level data for modeling and
performing an assessment of the geothermal hot water resource Geothermex will
submut the geothermal test plan by last week of June

Geothermia ARCI and BREI - Tbilis1 engineers are updating the Bill of Matenals and
cost estimate for repair to wells, supply test requirements and perform laboratory
analvses

The most serious problem jeopardizing the continuation and completion of DO No
11 and D O No 25 are obtaiming contracts or authorizations for ARCI to complete
their work One of the requirements stated 1n the delivery orders 1s to 1dentify the
services of local expertise to be employed

ARCI Consulting successfully completed a detailed survev of 47 district heating
thermal stations 1n Tbilis1 during 1996 as part of the Scope of Work mD O No 8asa
subcontractor to BREI DO No 11 1s a continuation of D O No 8 and ARCI has
maintained continuity by preparing rehabilitation proposals for DO No 11and DO
No 25 ftor over a year without a contract The problems in USAID otfice of
procurement tn Washington D C needs to be resolved soon



We were intormed that Tbilist Thermal Electric Station (TES) 1s in the process ot
privatization and the management wants to prepare a proposal for repowering as a

combined cycle system We also heard that Sakenergo 1s interested in repowering the '
older Gardabam umits with gas turbine combine cycle units using the existing steam

turbines and balance of plant

We also heard that Parliament had requested tenders for rehabilitation of Thermal
Station No 9 for pnivatization and supply of heat to the Parlhlament building, hopefully
a paymng customer This was to be a proposal for repowerning already prepared by
ARCI to be included in D O No 11 report, but Parliament could not wait However,
the cogeneration part of the project could be a next phase 1f the new owners are

interested

These projects would result 1n substantial fuel savings by increasing plant efficiency
from about 26% to over 55% The problem 1s how to justify the financing of such
potentiaily high risk investments, considering the present economic problems Maybe
Georgia could sell some of the power to Turkey for a realistic price margin to cover
the cost of generation They could get badly needed hard currency to pay for the fuel
and have excess capacity for heat and power

There was a lot of discussions and questioning about the reasons belund the USAID
decision to cancel D O No 24 for supplying a moisture analyzer, four utility trucks
rough terrain excavator and a rough terramn truck mounted crane to Transgas for
making repairs to the 1200 mm (48 1n) pipeline 1n the mountamns The stated reason ‘
was that Transgas was not moving fast enough toward pnvanzation and
demonstration of “transparent accounting, financial and management systems”
However preventing Transgas from having badly needed equipment at this time to be
able to more rapidly and efficiently make repairs to the increasingly deteriorating
conditions of the pipeline does not seem to be the best way to exert pressure for
privatization Maybe continued jawbone diplomacy and positive support would be
more effective

These people have very little experience 1n Western style management systems and
procedures And to our knowledge, there has not yet been any professional
involvement with Transgas by Haggler & Bailey, TACIS or other orgamzations to
worhk with them on institutional reforms, organizational structures, legal and financial
systems and recommendations for privatization The size of the gas transmissions
system alone probably would have an asset replacement value of more than seven
billion dollars and the problems with establishing a private corporation of this size are
very complex There are rumors that Transgas 1s holding discussions with Gasprom
and Turkey to form a consortium for selling Russian gas to Turkey

BREI and ARCI have been working with Geothermia and Sakburgeothermia for the
past vear on the task of defining the restructuring of a new private company for
operation of the geothermal systems mn Thiisi and Zugdidi-Tsaishi (DO No
11+D O No 25) for preparing the D O No 25 pre-loan assessment report for EBRD .
One of the DO No 25 requirements 1s to “Describe the company to own the
enterprise as a potential borrower from the lending agencv including the company s
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legal and financial structure, financial strength qualifications and experience of the
prospective management

Sakburgeothermua 1s presenting a subsidiary of Transgas located in the same building
and previously having responsibilities for dnlling and development of geothermal
wells 1n Georgia Their only remamning assets are two dniling ngs and related
equipment which 1s deteriorated and next to useless (scrap)

The previous discussion of some of the issues related to institutional reforms and
privatization of the energy enterpnses, which BREI, ARCI and others are working on,
leads us to believe that progress 1s being made albeit slowly, and now 1s not the time
to back out of providing support to the enterprises struggling t