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ABSTRACT

The general situation in the Georgian energy sector is serious. The whole energy
sector was ruined with the collapse of the Soviet Union and today faces the reality of
no central district heating or domestic hot tap water supply. Mostly, space heating
changed to electric heating, which nowadays is quite expensive and inefficient. This
also puts a heavy load on the electric power sector causing serious shortages in
electricity during the winter. This project can thus be considered the very first step in
rebuilding district heating.

After many surveys and analyses, during which several district heating alternatives
were evaluated, a decision was made to opt for the following project. It is a two stage
project: Tap water supply using geothermal hot water as a power source, and district
heating based on individual natural gas boilers. Despite the higher prime cost of
individual gas boilers, this alternative was chosen mainly due to the social-economical
situation in the country and the flexibility it offers through stepwise development in
phase with economic development and demand. It, moreover, avoids the bane of the
industry, i.e. non-payment of energy bills. This is achieved by more controlled
development than is possible with a centralised geothermal district heating system that
requires a large up-front investment that may be out of phase with demand.

The current legal system in force in Georgia puts no constraints on the development
of district heating systems or the utilisation of geothermal resources. The only
constraints are commercial such as economic viability etc. In calculating the viability
of the project, the energy price, upon which the project earnings are based, has a
minimum level of 30 USD per MWh. Later this can and will be adjusted upwards in
light of foreseen improvements in general purchasing power. The NPV for the
combined version (geothermal domestic hot water plus space heating using individual
gas boilers) is 15,787,000 USD giving an IRR of 12%. The same parameters for a
geothermally heated domestic hot water supply is 11,718,000 USD and 13% for NPV
and IRR, respectively. These values may be considered adequate in light of the social
and environmental benefits the project brings, and its aims to help the Georgian nation
gain a measure of energy independence.
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1. INTRODUCTION

Georgia found itself in a very difficult position subsequent to the sudden disintegration of the Soviet
Union and faced an unprecedented energy crisis. Traditional heating and hot water supply systems ceased
operation in 1993 and the populace began to use electricity for this purpose. This has placed a heavy
burden on the country’s power system and caused serious problems.

1.1 General information

Georgia’s territory is divided into two geographically different climatic regions near the Likhi mountain
range. The West Georgia climatic belt comprises both humid subtropical and permafrost zones, while the
climate of East Georgia is substantially of typical continental character. Mean annual temperature on the
plains of Georgia varies between 11 and 15°C, whereas the total annual precipitation differs substantially,
ranging from 1,500-2,500 mm in West Georgia down to 400-1,200 mm in its eastern part. The population
of Georgia was 5.45 million in 1989. At present, however it is estimated to be 4.7 million, 3 million of
which live in the cities.

From 1980 to 1990, annual carbon dioxide emission averaged 8.6 tons per capita. The annual CO,
emission decreased to 2.6 tons per capita since 1991, as a result of economic decline.

Prior to the collapse of the Soviet Union, the Georgian industrial and agricultural sectors were well
developed. The share of these sectors in the GNP was almost equal to that of the services sector, each
comprising about one-third. After the collapse of the Union, industry’s share fell to 18% in 1997 whereas
the GNP share of services rose to 52%. The Georgian power system was part of the pan-Soviet power
system. At the present, however, the country only receives some 20% of its primary energy requirements
from Russia.

Georgia is very rich in renewable energy resources, especially in hydropower. The total energy capacity
of surface runoff is calculated to be 219 billion kWh annually; technically it is only feasible to produce
40 billion kWh in some 300 electric plants of various production capacity. At present, only 25-30% of
this technically feasible potential is utilized. Wind energy could potentially supply an additional 2-3
billion kWh of electricity. There is a great potential for biomass, geothermal and solar energy as well.

1.2 Geothermal heat supply history and present situation

Early in the 20th century, medical properties of Georgian thermal and mineral waters attracted special
interest. Registered in the country at present are about 250 single and groups of natural springs and
artificial wells with geothermal water at temperatures of 30-108 C. Their total yield equals 160 thousand
m’/day. Most of them are concentrated in the Tbilisi region and in Western Georgia. For technical and
economic reasons, about 10 of these were selected for urgent rehabilitation and development, three of
which are located in Thilisi. Only 6 of the wells drilled into the Tbilisi geothermal reservoir could be used
for heating purposes. Nowadays most of the wells are used for hot water supply to nearby small
residential districts and some bathhouses.

The feasibility study project entitled “Removing the barriers to the energy efficiency in municipal heat
and hot water supply systems in Georgia” was undertaken and resulted in several alternatives for a pilot
project being developed. The main objective is the efficient rehabilitation of the heating and hot water
supply system in the operating zones of Thermal Stations 1, 32 and 47, all of which are located in the
administrative region of Saburtalo.
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1.3 Heating systems past and present

Development of centralised heat supply systems (district heating systems) in Georgia started in the sixties
with the building of medium and large capacity heating stations. In all, 78 cities had such systems,
powered by 444 communal and 700 industrial thermal plants with a total thermal capacity of 3,006 MW
(excluding Tbilisi). In Tbilisi heat generators were installed in a centralized heat supply system of about
the same total capacity. The Tiblisi system received 80% of its supply from district thermal plants, 5%
from CHP, 4.5% from industrial thermal stations and 10-11% from various heat sources.

By 1990, the district heat supply system of Tbilisi, comprising 47 thermal stations, provided about 7000
public and administrative buildings and 1 million residences with heating and hot water. Installed capacity
of these stations ranged from 3.5 to 200 MW. The average specific thermal load for the city was 33
MW/km®. The average specific heat consumption for heating of residential space was 68 W/m” and 0.29
kW per capita for the supply of hot water. Specific thermal load of public buildings was 100 W/m?,
whereof 83 W/m® were for heating and the remainder for providing hot water. The indoor design
temperature for the residential buildings was taken to be 18°C, and the duration of the heating season for
Thilisi 152 days, i.e. from November 15 to April 15. The tariff for thermal energy was 4.2 kopeks per m*
of heating area and 60 kopeks/month per capita for domestic hot water.

The official estimates of energy system losses concluded that about 18% of the losses were due to the
production of heat energy and 20% due to energy transportation. Tbilisi boiler plants are mainly powered
by natural gas (NG). In 1990 the annual NG consumption was 1.1 billion m’. Mazut served as reserve
fuel. Hot water temperature regulation was performed manually in the boiler plants. The system was
operated at constant flow in the distribution system. In 1993, after the disintegration of the Soviet Union,
the heating supply system ceased operating in all the cities of Georgia.

To assess the existing state of heating and hot water supply in Tbilisi and other cities of Georgia, a survey
was conducted during the winter months of 1990-2000. Special emphasis was on the pre-selected
residential district of Saburtalo Region of Tbilisi. The study determined the share of different energy
sources in space heating, the energy cost for space heating and the share of different fuels in CO,
emissions.

In order to assess the contribution of the heating season duration to global warming, special examination
was conducted for 6 different climatic zones in Georgia. Various thermal parameters were calculated for
single — and multi-apartment residential buildings, public buildings and industrial objects. The total
annual heat consumption was determined for all zones, taking into consideration the density of the
population. The calculated quantity appeared to range from 2x10° to 29x10° GJ, giving a total of 97.5 x
10° GJ, of which 25.4 x 10° GJ were contributed by Tbilisi.

2. PROJECT OBJECTIVES

The national energy objective of the Georgian Authorities can be considered to supply the country with
as much energy from indigenous resources as possible to ensure its energy independence to the greatest
possible extent.

2.1 About the project itself

The present situation in the energy sector of Georgia is quite serious for several reasons. The country is
today faced with a situation where there is no heating system, no tap water supply and even a shortage of
electricity during the winter period in Tbilisi. This is mainly caused by the collapse of the economy after
the disintegration of the Soviet Union. During Soviet times, the energy sector was an integral part of the
enormous inter-Soviet energy system, financed by a large Soviet budget.
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Currently, in the absence of a centralized heating system, the main sources for heating apartments are
fossil fuels and electricity. The use of electricity for this purpose causes power peaks that are harmful to
the energy sector as well as to the customers. Electric heating in wintertime increases the demand on
electricity quite significantly. Bearing in mind that during the winter the generation of electricity is
chiefly in thermal power stations, fuelled by imported NG from Russia. Besides being very expensive,
reliance on imported energy also brings with it serious political problems and is counter to the main
national energy objective of energy independence.

It is therefore evident that implementation of this project will work towards solving some of Georgia’s
energy problems, the most urgent of which are:

* Heating apartments

» Tap water supply (hot water)

* Decrease demand on electricity in winter during peak hours, which is very important to this sector
in the present situation

* Decrease CO, emission

All of the above issues have significant bearing upon Georgia’s main problem, which is virtually total
unemployment.

2.2 Objectives

The principal objectives of this feasibility study are to evaluate the technical feasibility of two possible
ways of supplying heating and hot tap water to the inhabitants of the Saburtalo district of Tiblisi.

*  To heat apartment blocks in the district by means of individual natural gas fired boilers and hot tap
water using geothermal energy

*  To supply heat and hot tap water to the district using the district heating concept powered by a
combination of natural gas and geothermal energy

Both possibilities will be evaluated and compared, applying strict viability criteria such as net present
value and internal rate of return based upon commercial discount rates.

3. ENERGY RESOURCES

The following chapter gives an overview of the geological characteristics of the region with emphasis
upon features important to the understanding of the region’s geothermal potential, and typical geochemical
characteristics of the fluid contained within the geothermal reservoirs.

3.1 Geological structures related to the Thilisi deposit of thermal waters

Geo-tectonically, the Thbilisi deposit of thermal waters is located in the eastern subsidence zone of the
Ajara-Trialeti folding system. Upper Cretaceous sediments and Quaternary ones, make up its geological
stratigraphy. The main thermal aquifers are found in 300-800 m thick volcanic-sediment formations from
the middle Eocene period, which are represented by tuffs of different composition. Dense rocks are
heavily fractured. High porosity characterizes the rocks. Under the middle Eocene horizon, there is a
thick (up to 3000 m) aquiclude made up of limestone plates, and from the top it is covered with upper
Eocene age clay-sandstone sediments.

From the point of view of hydrogeology, the deposit represents a fractured integral pressure system where
thermal water moves from west to east towards tectonic subsidence structures and has hydrodynamic
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connection with the Samgori-Sartichala oil deposit. In the north, the deposit is contiguous with the
Georgian massif and in the south with the Artvin-Bolnisi massif. The borders between the deposit and
the aforementioned massifs coincide with deep faults. A tectonic fault of meridian direction runs along
the Mtkvari River.

The following tectonic structures go through the boundaries of the Tbilisi deposit from north to south:

» Lisi anticline

* Saburtalo syncline

* Mamadaviti anticline
» Krtsanisi syncline

Exposed areas on the surface of the middle Eocene rocks are the source of inflow to the geothermal field,
and the tectonic fractures passing through the field and its borders represent the discharge zone of the
geothermal field.

3.2 Geothermal exploration and utilisation to date

Here is presented a review of the present status and planned future utilization of Georgian thermal water.
Contemporary conditions in South Caucasus and in Georgia particularly, maintain intensive use of
geothermal energy. Confirmed total reserves are 90,000 m*/day as of 1998, the heat potential of which
equals some 500,000 tonnes of equivalent fuel (TEF) annually. Applying modern technology, i.e.
construction of geothermal circulation systems (GCS), it is possible to save 2.5 million TEF annually.
The Thbilisi geothermal field is described as an example of a project which, with efficient resource
utilisation, proves that geothermal energy is cheaper, and environmentally friendly in the given conditions.
Finally, it is possible to reduce the great amount of CO, released into the air by replacing traditional fuels
with geothermal energy.

The history of using thermal water as thermal power goes back to 1951, when explorers for coal
discovered water with temperature 80°C in a well drilled in the village of Tsaishi not far from the Zugdidi
region and, on the basis of which, a middle-size greenhouse was built. Currently, about 250 natural
(springs) and water wells with temperature ranging from 30 to 108°C have been registered in Georgia.
Their total discharge amounts to about 160,000 m*/day, but their potential is far greater. It has been
established that indirect thermal water resources are 350-400 million m® per annum. As of January 1998,
the confirmed thermal water reserves were 90,000 m*/day, the heat potential of which is equal to 500,000
TEF annually. Using only a portion of this large quantity of energy has the potential to improve the
present economic situation significantly (Buachidze et al., 2000).

The following example from Tbilisi, capital of Georgia, illustrates the importance geothermal energy can
bring to bear on the solution to the country’s energy problems. One should note here that the geothermal
field is situated within the city and its environs. Since 1975 it has yielded above 20 million m® of thermal
water. At present the flow of the wells amounts to only 4000 m’® day. To ensure efficient utilisation, it
is necessary to improve water extraction by employing suitable deep well pumps and to construct a GCS.
Existing wells producing from Palaeocene formations present the possibility of installing a thermal power
facility of 25 MWt, having an annual capacity of almost 25,000 MWh.

Another project plan is to use water from the upper Cretaceous aquifer. The anticipated well depth is 4.5
km, yielding a predicted temperature in excess of 150°C. In order to build a new GCS in Tiblisi, it is
necessary to drill new wells at a cost of 25-30 million USD. The prime heat cost will be not more than
8-10 USD per MWh at a payback rate of 5-8 years. The produced energy will suffice to satisfy district
heating and hot water supply requirements (Buachidze, 1995) of one region populated by 100,000
families. This project is currently ready for investment and international firms are sought. After the
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successful construction of this GCS, it would be possible to plan 15-20 such systems for Tbilisi and the
surrounding territory that would yield 7.0 million MWh annually.

The Thilisi geothermal reservoir is administratively within eastern Kartly. It is located on both banks of
the Mtkvari River, some 410-730 m a.s.l. To the east the territory is open, whereas mountains otherwise
surround the field. The western part is characterised by eroded tectonic relief. Its elevations range is
2000-3000 m a.s.l. The eastern part is characterised by relatively lower elevations (300-1000 m), a worn-
down plain and in some places with accumulated relief. Climatically, it belongs to a transition zone from
a subtropical continental climate to sea climate. Being an extreme part of the Azerbaijani continental
subtropical belt, it differs from the latter by relatively higher moisture and lesser amplitude of annual
fluctuation in temperature. The average annual precipitation is 300-700 mm.

Thermal manifestations in Georgia and their therapeutic properties have been known since "ancient”
times. They have been used mainly for hygienic purposes. Exploration of hot water manifestations,
known as the “central district”, began in 1932. From then to 1957, eight wells were drilled. They brought
about an increase in the total discharge of 40-43°C water to 3,500 m*/day. From 1953 to 1956, seven more
wells were drilled on both banks of the Mtkvari River in order to enlarge the production areas and reveal
additional resources of high-temperature water. The wells tapped water with temperatures 0f45-50°C and
of quite different type from the same aquifer. In the central part (the right bank of the Mtkvari River) the
water was distributed between the wells. An additional quantity of thermal water of 1,500 m*/day was
produced on the left bank.

In 1969 water of relatively high temperature (57°C) of the same type was produced from the 2556 m deep
oil well no. 1 in the central area of the Lisi anticline arch. From 1970 the "Sakburggeothermy" department
carried out explorations especially for thermal water. Upto1982, eight 1867-3702 m deep wells were
drilled in the city and its environs. Water of 52-74°C temperature was produced from the Lower and
Middle Eocene volcanic thermal aquifers. The wells’ discharge was 163-6000 m*/day.

In 1984-85 the "Sakgeology" carried out explorations within the "central area" in order to reveal new
thermal water resources. Eleven 400-3000 m deep wells were drilled in that period. Two of them (nos.
27 and 28) produced water of 39-40°C temperature. The Geological Department is still carrying out
exploration in new areas of the Tbilisi deposit. During the explorations at the Tbilisi thermal water
deposit, three areas wholly isolated from each other were discovered. These are

e The central area - old manifestations;
* The area adjacent to the health resort; and
» Lisi area - surroundings of the Lisi Lake and the Saburtalo district (the Vake-Saburtalo district).

There is a close hydro-dynamic interrelation between the wells within each area. Its nature, however, has
not been determined yet. It is quite possible that further exploration may reveal more such areas.

Currently, the Tbilisi Baneological Health Resort and the hygienic bathhouses use the low- mineralization
water produced in the central area. The higher-temperature water (57-74°C) tapped in the Lisi (wells 5-T,
7-T and 8-T) and the Saburtalo (1, 4-T and 6-T) areas with total discharge of 3800 m?/day is used for hot-
water supply and heating office buildings and the general population. It is worth noting that the thermal
water in the three areas is of the same composition, of low mineralisation (0.19-0.26 g/l), with alkaline
reaction. It is of sulphate-chloride-sodium type containing some hydrogen sulphide.

The 25-year exploitation of the Lisi area showed that direct utilisation of geothermal water without any
regard for re-injection causes a gradual reduction of water discharge in production wells because the
quantity produced exceeded the rate of natural recharge of the geothermal reservoir. This might
eventually result in the water flow from the well ceasing. This can be prevented by closely monitored
production with provision for significant re-injection, such as is depicted in the Lisi area’s GCS concept.
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All the conditions needed are present, i.e. production wells 5-T, 7-T and 8-T and wells for re-injection,
wells I-Lisi and 9-T. The above-mentioned wells all intersect the Middle Eocene geothermal aquifer,
which is overlain and underlain by impermeable layers (aquacludes), thus the re-injected water will
circulate only in this aquifer. This is termed circulation cycle, circuit 1.

A second possibility can also be considered, i.e. to install a second circulation circuit in the same area of
the Upper Cretaceous thermal aquifer but at a deeper level (4000-4500 m). Consequently, water of higher
temperature (95-100°C) may be produced. Not a single well in the Lisi area has intersected this aquifer.
To install the second circuit, it will be necessary to carry out additional drilling, which will require
considerable expense.

It is possible to use the currently idle boilerhouse (after some reconstruction) as a heat central (GeoTS)
for a Lisi GCS. This will allow using all the boilerhouse service lines (power and water supply, heating
system, etc.).

3.3 Chemical composition of the geothermal fluid

The chemical composition of the water (from wells 5-T, and 7-T) that is earmarked for this project is given
in Table 1. It should be pointed out, however, that the reliability of the analyses, adjudged by the net ionic
balance of the sample analysis as is standard in Iceland, is not very high compared with that stipulated by
our geothermal laboratories. The criterion adopted in Iceland is that the net ionic balance should be within
+/- 5. The net ionic balance of the above sample analyses is about —32/-39.

TABLE 1: Chemical composition of the water in mg/1 in wells 5-T and 7-T

Component Well 5-T | Well 7-T
pH 10.0 9.85
Temperature ("C) 60 60
Carbon dioxide (CO,) 24.2 52.81
Hydrogen sulphate (H,S)
Silicon oxide (Si0O,) 26.75 53.5
Dissolved oxygen (O,) 14.0 11.8
Lithium (Li) 0.025 0.035
Sodium (Na) 69.6 91
Potassium (K) 0.77 2.1
Magnesium (Mg) 0.019 0.01
Calcium (Ca) 0.4 0.14
Fluoride (F) 0.999 2.4
Chloride (CI) 35.5 43.665
Bromide (Br) 0.018
Nitrogen oxide (NO,) 0.018
Sulphate (SO,) 67.622 | 58.003
Iron (Fe) 0.09 0.03
Copper (Cu) 0.01

The WATCH software was used to assess two compositions to try to determine their scaling potential with
respect to anhydride and calcite, which are the most frequent scaling culprits in low temperature
geothermal water as that under consideration here. The results are depicted in Figures 1 and 2.
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FIGURE 1: Scaling potential of well 5-T FIGURE 2: Scaling potential of well 7-T
with respect to anhydrite and calcite with respect to anhydrite and calcite

The scaling assessment of the water from the two geothermal wells indicates that there is little or no
danger of calcite or anhydrite scaling in either well over the envisaged operating temperature range (30-
65°C). The inaccuracies inherent in the chemical compositions must, however, be borne in mind, and it
is advised that more careful sampling and chemical analyses along with a new scaling potential assessment
be carried out.

4. ENVIRONMENTAL ISSUES

The first inventory of greenhouse gas (GHG) emissions and sinks was performed during the preparation
of Georgia’s Initial National Communication in 1997-1998. According to the inventory, CO, emissions
from the territory of Georgia amounted to 39.62 Tg in 1985, but declined to 5.34 Tg in 1995. Respective
values for CH, were 0.41 and 0.15 Tg, and for N,O 8.60 and 3.27 Gg. Estimates of CO, sinks by forest
ecosystems came to 12.39 Tg. The main share (about 70-90%) of CO, emission is due to fossil fuel
combustion, both in stationary and mobile sources.

The estimation of the quantity of GHG and other air pollutants emitted using different kinds of fuel can
be made: a) directly by measuring their average concentrations in the atmosphere, and b) indirectly by
calculation using accepted methodologies. Whichever assessment method is used, it is also necessary to
identify ways to mitigate deleterious environmental effects, and to determine to what degree it satisfies
the project target which is reduction of GHG. To enable this, it is first necessary to determine the baseline
emission, i.e. the emission quantity commensurate with the case of zero new development. Once a
baseline (reference point) has been established, emissions caused by the study project can be estimated,
to ascertain reductions or increases (Gzirishvili, 2000).

The baseline atmospheric pollution describes the situation, as it would be in the absence of any energy
project implementation. The environmental objectives of this project are to raise energy efficiency in the
field of heating and hot water supply and thereby abate deleterious atmospheric emissions. In particular,
fuel consumption will be reduced, thereby abating the main parameter in global warming — greenhouse
gas emissions to the atmosphere. Besides the global environmental impact, fossil fuel consumption leads
to negative regional and local impacts by emitting other atmospheric pollutants such as carbon monoxide,
nitrogen oxides, sulphur dioxide, fly ash, vanadium pentoxide, etc.

The fuel consumption of the pilot project and corresponding CO, emissions are presented in Table 2 and
Figure 3 (for total fuel consumption and corresponding emission see tables and figures in Appendix I).
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TABLE 2: Fuel consumption and CO, emissions for the pilot project in Saburtalo

Annual Annual consumption Annual CO, emissions, thousand tons
Year energy
P rogl‘l)‘c]tlion, N;:ﬁ;:lll %;‘_,,s ’ Eli\/lct&cl:ty, Natural Gas| Electricity Total
2001 18.016 1.360 3600 2.666 0.993 6.61
2002 17.920 1.817 26 3.561 0.155 3.734
2003 35.841 3.633 53 7.121 0.309 7.475
2004 36.992 3.750 54 7.350 0.310 7.710
2005 37.979 3.850 56 7.546 0.321 7.919
2006 39.130 3.967 58 7.775 0.333 8.161
2007 40.116 4.067 59 7.971 0.338 8.364
2008 41.267 4.183 61 8.199 0.350 8.606
2009 42.253 4283 62 8.395 0.355 8.809
2010 43.404 44 64 8.624 0.367 9.051
2011 44.555 4.517 66 8.853 0.378 9.293
2012 47.186 4,783 70 9.375 0.401 9.842
2013 48.500 4917 71 9.637 0.407 10.110
2014 49.816 5.05 73 9.898 0.419 10.385
2015 51.131 5.183 75 10.159 0.430 10.659
2016 52.446 5.317 77 10.421 0.441 10.934
2017 53.762 5.45 79 10.682 0.453 11.209
2018 55.241 5.6 81 10.976 0.464 11.516
2019 55.241 5.6 81 10.976 0.464 11.516
2020 55.241 5.6 81 10.976 0.464 11.516
Total| 866.035 87.327 4847 171.161 9.306 182.265
Baseline emissions 513.890
Emission reduction 331.625
35
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FIGURE 3: CO, emmisions for the pilot project in Saburtalo, thousand tons
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5. TECHNICAL DESCRIPTION

This chapter describes the essential technical features of the project and outlines its planned
implementation, envisioned being carried out in discrete stages, planned to suit the local demand for heat
and hot tap water, and the prevailing financial situation both nationally and locally.

5.1 Implementation of the project

The project will be implemented in carefully planned discrete stages. This stepwise implementation is
depicted in Figure 4. Some steps foreseen in the implementation are:

1. Domestic hot tap water supply completed with construction of a GTS and network, laying the re-
injection pipeline and ancillaries, etc.;

2. Provision of the commercial and legal background for the project (building of a service centre, billing
system, legal directives etc.);

3. Installment of individual boilers for apartment block heating at a rate that suits customer heating
demands.

Each implementation
step will begin at a
different time. It was
deemed prudent not to
start the installment of
individual gas boilers
until after 3 to 4 years
so as not to overtax
project financing.
7] Individual boilers Bl Geothermal tap water Heating is several times
more expensive for
customers and the
current affordability
low. It was thus decided to use the intervening period for preparing the political background and to build
up the heating market.

0 2 4 6 8 10 12 14 16 18 20 22 24
Year

FIGURE 4: Schematic implementation schedule of project

According to our project estimates, 1kWh of geothermal energy will cost 0.07 GEL. Based upon a daily
per capita consumption of 30 1/day of hot water (we estimate that 1.6 kWh of geothermal energy is
necessary to produce 30 1/day of hot water), daily DHW cost will amount to 0.112 GEL. Correspondingly,
the per capita outlay for geothermally produced domestic hot water will come to 3.36 GEL per month.

Natural gas heating of a space equivalent to 1 m” of floor area will require a minimum of 35 kWh and cost
0.07 GEL = 3.36 GEL per month. On the basis of an average per capita floor area of 18 m? heating costs
a minimum of 37.8 GEL per month. Calculating for an average heating season of 6 months, the annual
cost will come to a minimum of 227 GEL.

5.2 The principal layout of the geothermal hot water supply

5.2.1 Geothermal production system (GPS)

There are two main ways to increase the geothermal yield (potential energy yield) from the Lisi district
of Tbilisi’s geothermal reservoir.

I. Selecta Geothermal production system (GPS) that produces from the Middle-Eotcen thermal aquifers
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using existing wells, installing deep well pumps in the production wells to increase production by
pumping, and simultaneously re-inject the spent geothermal water to maintain pressure in the
TeServoir.

II. Producing from aquifers located at greater depths from Upper Cretaceous by drilling new and deeper
wells. It is anticipated that fluids of 100-170°C may be obtained at this depth. Drilling new deep
wells means using larger drill rigs and more expensive drilling techniques, which in turn increases the
initial investment. Thus, this alternative can, at this stage, only be considered for the future.

For the purpose of this project we choose the Geothermal production system based upon existing wells
producing from the Middle-Eocen geothermal aquifer (GPS-I).

The principal process diagram of GPS-I, using 4 existing wells, is presented in Figure 5. The production
wells are wells 5-T and 7-T. Their mechanical conditions are better than that of other wells, so they don’t
need significant rehabilitation work. Well 1-Lisi and well 9 will be used for re-injection. At present these
wells are under conservation and, thus, national experts cannot exactly determine the necessary repair
work required at this stage.

The diagram presented in (+) njection well #9.T
. . F
Figure 5 envisages the Production well #7-T

thermal water being T
Injection well #1 Lisi Production well #5-T @

pumped using electrically (D e
driven line shaft type deep @

well pumps with one
installed in each ¥ s
production well.  The GroTS
geothermal water pumped J'
to the surface passes
through individual de- 700
aerators mounted close to
the wells, where gases are | *%* _
To the consumers of
removed from the ymuLivan
geothermal water. After "o arscs
that, the main stream of +580 m
thermal water from wells
>-Tand 7-T is pumped to ookt
the collective de-aerator at
the Geothermal Station
(GeoTS). The existing
Thilisi wells can each
sustain pumping at a rate of 150 m*/h. If used for supplying hot tap water, it will be sufficient to install
150 m*/h and 50 m*/h capacity pumps in wells 5-T and 7-T, respectively.

55-60"

b

FIGURE 5: Schematic diagram of the selected geothermal production
and injection area relative to the GeoTS

Figure 6 depicts the principal flow diagram for the Geothermal Station (GeoTS) utilising the GPS-I
arrangement described above. The production wells 5-T and 7-T are located relatively close to the GeoTS
(GeoTS will be erected in the building of thermal station 47).

The total capacity of GPS-I utilizing these two wells equals 200m*/h of 65°C thermal water. The installed
thermal capacity would thus be equivalent to 10.6 MWt, according to the following and based upon re-
injecting used geothermal water at 20°C into the injection wells, N = AtxL.x1.16 MWt, where N is the
installed capacity in MWt, At is the difference between the temperatures of pumped and re-injected
geothermal water, L the quantity of geothermal water in m’, and 1.16 a coefficient for expressing the
capacity in Mwt).
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FIGURE 6: Principal layout for the Geothermal Station (GeoTS)

5.2.2 Technical layout of the geothermal station (GeoTS)

The principal technical layout of the geothermal hot water central GeoTS is depicted in Figure 6. It is
based upon the water being pumped from production wells 5-T and 7-T, using line shaft type deep well
pumps, as previously described.

For the implementation of the pilot project and realization of its first step, the supply of domestic hot tap
water to the district, 183 m’/h of 55-60°C temperature water is necessary. To heat this amount of cold
fresh water (5-10°C), some 203 m*/h of 65°C geothermal water are needed. For this task two deep well
pumps will be installed in wells 5-T and 7-T with 50 m’/h and 150 m’/h capacity, respectively. The
geothermal water from the wells is collected in the collective de-aerator, where all gas is removed via a
vacuum pump. The associated vapour is condensed in the vapour cooler. This requires some 32.8 m*/h
by-passed from the re-injection pipeline (Figure 6). About 1.5 m’/h of condensed vapour at 20-30°C is
returned to the re-injection tank. The de-aerated geothermal water passes through the plate heat exchanger
unit, where it heats fresh water from 5-10°C up to 55-60°C, thereby cooling the geothermal water to about
20°C. The cooled geothermal water is collected in the re-injection tank, whence pumped to the re-
injection well. All the 183 m*/h of heated water is pumped to the insulated hot water tank 2, located at
+700 m elevation. From the tank, 123 m’/h flows by gravity to the residents of II, III, IV and V micro-
districts of Nutsubidze Plateau (total heat load is 5.67 MW). The remainder (60 m’/h) flows by gravity
into hot water tank 1 located at +580 m elevation, from where it is distributed by gravity to the consumers
of thermal station No.1 (with heat load 2.83 MW).

5.2.3 The system for geothermal hot water supply to Saburtalo district
As already mentioned the realization of hot domestic water requires the selection of a production aquifer

and construction of a heat central facility. Necessary capital investment and potential earnings were
estimated, based on the technical layout described above.
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The construction of a GeoTS based upon the shallower aquifer requires the following:

Rehabilitation of Lisi well 5-T and wells 9, 7-T and 1;

Establishment of sanitary-protection areas close to the wells;

Arrangement of electricity supply to the field;

Construction of geothermal pipelines;

Reconstruction of the building of thermal station 47 as a geothermal heat central; purchase and
installation of appropriate equipment;

6. Installation of insulated hot water tanks.

M

After dismantling existing equipment in thermal station 47, the roof of the building, the windows, and the
laboratory and maintenance workshops must be restored and sanitary units installed. The reconstruction
will also include the installation of the following capital equipment:

1. Plate heat exchangers for hot water (172 plates) — 9 packages;
2. Re-injection pumps CNS (Russian) 180-180 — 160 kW — 2 units;
3. The secondary hot water pumps KC 125-110 — 60 kW — 2 units

It is also necessary to install other associated minor equipment — a vacuum pump, an evaporation cooler,
the geothermal water collective de-aerator reservoir and insulated hot water tanks at elevations 580 m and
700 m.

5.3 Space heating using natural gas boilers in individual buildings

For various reasons, of which the prevailing economic situation in Georgia and the affordability of the
general population weigh most strongly, it has been decided to start re-establishing an effective heating
system for the area by utilising decentralised natural gas boilers each for heating one block of apartments.

These will hereafter be called individual gas boilers for simplicity.

The main advantages of an individual gas boiler heating system are:

. High efficiency, (here, modern high efficiency boilers are considered with an efficiency of more
than 09; readily available on the Georgian market;

. Easy and quick to install;

. Quickly put into operation to suit heat demands;

. Low initial investment (low cost gas boilers are readily available on the Georgian market);

. Possible to include facilities of consumers in construction;

. Possibility of independent local regulation;

. Low consumption of electric power;

. Comparatively low level of greenhouse gas emission due to high efficiency;

. NO, emission is also low;

. Two-stage burning process in modern gas boilers, promotexs low emission levels.

Natural gas is considered an ideal fuel for individual boilers, as it is a convenient, cheap and relatively
benign fuel in an environmental sense. The main basis for this consideration is the initiation of an
intensive rehabilitation of Tbilisi’s natural gas supply system. A programme of stepwise rehabilitation
of the natural gas supply system is under discussion. The privatisation problem besetting the Joint Stock
Company “Tbilgasi” will be solved in the near future. It should be mentioned that the main condition of
privatisation is that the city’s low-pressure gas network, currently mainly covering the demand for cooking
gas and a part of the hot tap water supply needs, should after the rehabilitation also cover gas needed for
heating.
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The Saburtalo district is already supplied with gas (we understand that rehabilitation of the gas supply in
this region should be completed by the time our project is implemented). The project cost estimates only
include the construction of the pipe from the gas main to the building’s boiler plant. Construction of a
cabin to house the pressure reduction and metering gear are included in the estimate of total investment
for heat supply to each building. The distance from the gas mains to each building’s boiler plant is not
more than 100 m. According to “Tbilgasi” data, construction of each running meter of gas pipeline, 50
mm in diameter, costs 15 USD, but 65mm and 80 mm cost 20 USD.

5.4 Description of autonomous boiler plants

A visual examination of the buildings, led to the conclusion that the best placement for the individual gas
boiler plant would be the roof of the buildings. This solution is quite common in Central and Eastern
Europe, and the former Soviet Union.

Some work is needed in order to install the gas boiler plant on the roof of the building. Most commonly
these buildings (3, 4 and 5-story buildings) have garrets on the roof and are of wooden construction.
Partial reconstruction of the garret will be necessary. The roof would be removed from the area necessary
for the boiler equipment (14-20 m?) and an enclosure built from fire-proof materials (concrete, brick, etc.).
The floor of the boiler enclosure is built over the metal constructions mounted on the carrying walls. The
floor is made of concrete with a waterproof system connected to the sewage system of the building. The
removed part of the roof will then be restored after the installation of the boiler equipment. According

to construction experience, the average

4 building cost of 1 m? of such
- ,( | construction is about 200 USD. The
installation of the boilers in 8 or more
2 3 story buildings is relatively simple. In
' = % some cases, simple fencing of the
boiler area is enough.
‘0-———-—@——
1 = The boiler will be equipped with all

necessary devices for the protection
and regulation of the system. Among
them are water softener, regulator for
temperature of the water delivered to
the heating system, which will be
. 5 controlled relative to the outdoor
temperature, the regulators of natural
gas and water pressure, etc. The
elements of the boilers used for space
heating only are given in Figure 7.

[T
S KN

The outlined initial investments and
- annual expenses for the installation and
functioning of individual gas boilers

FIGURE 7: Schematic view of an individual gas boiler; ~ and geothermal hot water supply are
1) Boiler, 2) Chimney stack, 3) Protecting valve of the boiler, presented in Table 1 in Appendix IL

4) Water temperature regulator in the system, The summary table of the initial
5) Circulation pump of heating system, 6) Heating investments for geothermal hot water
system (with radiators), 7) Settling tank, and supply specially, is presented in Table

8) Locking valve 2 in Appendix II.
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6. LEGAL ASPECTS
6.1 Legal basis for using thermal water

To understand the legislative base for utilisation of thermal water in Georgia, one should start with the
laws on enterprise and then stipulate economic, organizational and legal foundations for business
activities, regulate economic relationships between enterprises, promote their contacts, and establish their
duties and responsibilities (liabilities). Currently the 1994 law "On enterprise" is in force in Georgia. It
became active on March 1, 1995. Under this law, the following organizational and legal forms of
enterprise were established:

L A private enterprise. The private enterprise’s owner bears sole responsibility before creditors for
assumed liabilities. Only a natural born citizen may be a founder of such an enterprise.
1L A joint liability company. Owners bear joint responsibility before creditors for all assumed

liabilities without restrictions on all their property. Only a natural born citizen may be a founder
of such a company.

1. A commanditor company. Here the responsibility of several members before creditors is confined
to a share of the common stock (commandits), while other liability of the members is unlimited
(complementaries). Only a natural born citizen may be a complementary.

Iv. A limited liability company. It bears responsibility before creditors for all its property, while its
members - have shares in the authorized capital. The amount of the authorized capital is 2000
GEL. Both natural and legal persons may be founders of such a company.

V. A joint stock company. Here the authorized capital is divided into stocks. The minimal amount
of the authorized capital is 15,000 GEL. The nominal cost of a share is 1 GEL or its equivalent.

A production becomes a subject of activity on the date of its being entered into the Enterprise Register.
The registration is performed by the district courts where a company is located, or under a legal address
according to an application (claim) of one of the founders. The application includes: the title of a firm,
organizational-legal form, legal address, subject of activities, the amount of the authorized capital and
other information concerning the enterprise. It is noteworthy that the so-called joint ventures are to be
established either as a joint stock company or as a limited liability company. Provided a foreign founder
is a legal person, it is necessary to additionally attach an extract from the Enterprise Register, the charter
of the firm to be translated into Georgian and legalized, (for an enterprise registered within CIS,
legalization is not needed). And if a foreign founder is a naturalized person, then his legalized
biographical particulars are to be attached, too.

To carry out the investments policy in 1991, the government passed a law on foreign investments, which
in 1995 was replaced by a new law. The latter was annulled in November 12, 1996 and replaced by the
law "On investment activities incentives and guarantees". Currently there is no special law on
investments, thus local and foreign investors are in equal conditions (the abrogated law "On foreign
investments" created more favourable fiscal conditions for foreign investors than for local ones; which
was the reason for its abrogation). The law "On investment activities incentives and guarantees"
establishes the legal base for realization of both foreign and local investments in Georgia and guarantees
their protection. Under the law, all kinds of material and intellectual values invested in business activities
for a profit are considered investments. Under the law a foreign investor is granted such important rights
as: to export profit without any restrictions, to export his own property, to open current and other kinds
of accounts in any currency, to buy personal and real estate (except land which may only be rented to a
foreigner), etc. Apart from the above mentioned, the Georgian government ensures and guarantees an
investor from any non-commercial risks, namely, nationalization of property is prohibited; disputes may
be settled through the international arbitration court and if a respondent is a state body then state sovereign
immunity may be deprived.

To promote business activities in Georgia and create a legal base for the concrete sphere, the law "On
monopoly business and competition" was passed in 1996. The law determines the responsibility of a
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business for monopoly abuse, unfair competition and other similar violations which affect market
competition. The law prohibits monopoly activities and such unfair competition as using a competitor's
or a third person's trademark and a firm's title without his permission, or spread such information that
harms a competitor, etc. The antimonopoly service to the Ministry of Economy controls compliance with
the antimonopoly law. It is invested with full powers to suspend or ban the activities of an enterprise
which violates the antimonopoly law, examine documents connected with the business activities of a
subject on the basis of the court decision, to raise the question of administrative and criminal responsibility
of a law breaker, etc.

The law "On failure of enterprise activities" passed in 1996 plays an important role in harmonization of
business legislation. The law regulates financial problems of a business entity by its liquidation through
a court. The court will examine the failure case on the location of a debtor. One of the most important
details of a failure is the fact that the court may refuse to set in motion the failure procedure if the debtor's
property is so small that it is unable to cover, first of all, basic requirements.

The fiscal legislation is one of the most important for business activities. The law "On customs duty" and
the "Tax code" are of importance. The law "On customs duty" determines the amount of a mandatory
contribution to the state budget for transporting import goods through the Georgian customs border. A
person who imports goods is a payer while customs value of goods transported through the customs border
is the object for taxation. The duty rate is 5-12%. A detailed list of goods with a 5% duty rate is provided
in the law upon the other imported goods is imposed a 12% duty rate. Transit, re-export, raw materials
needed for production of export products, semi-products, import of goods financed by a grant or a soft
credit which includes elements of a grant not less than 25% are duty-free.

As to the "Tax code", it controls the tax system and interrelations connected with it. The code imposes
such state taxes as:

- Income tax; - Profit tax;

- VAT; - Excise tax;

- Property tax; - Land tax;

- Conveyance tax; - Transfer tax;

- Social tax; - Mineral resources use tax;
- Pollution tax; - Motor entrance tax.

For a subject interested in natural thermal waters taxes such as income tax (paid by persons engaged in
business) and pollution tax (no harmful emissions are associated with utilizing thermal water) are of minor
importance. The most important taxes for businessmen are the value added tax (VAT), profit and property
taxes.

Profit taxes are to be paid by enterprises while profit is a taxable object. Profit is imposed by a 20% tax.
It is noteworthy that the costs incurred for geological studies and preparatory work for development of
natural resources are deducted from the total gain as depreciation charges (the amortization quota is 15%)
and are not taxable. The expenses on research, design and development aimed at gaining profit are also
deducted.

A person who is engaged in economic business and performs VAT imposed operations, the total amount
of which exceeds 3000 GEL, pays VAT. The VAT rate is 20% of the amount of taxable turnover or
import. VAT-free is import of power-generating plants and power-saving installations, production lines,
power meters, monitoring equipment and their spare parts. The VAT is paid monthly.

Property tax is also of importance. Fixed and intangible assets registered in the balance of an enterprise
are also taxable. The value of property is taxed at 1%, paid once a year.

For those interested in thermal waters, the law "On mineral resources" is the basic one. Under the law,
thermal waters are considered a natural formation in-situ like other mineral resources. Some of the law
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provisions are of a declarative character. For example a provision saying that "mineral resources are state-
owned and may be handed over only for a temporary use", "utilization of minerals is payable", etc. The
important part of the law is material-procedural requirements. Of them the following forms of using

minerals are of interest:

. Scientific study of minerals;

. Development and processing of minerals;

. Usage of underground natural reservoirs;

. Collection of geologic and mineralogical samples.

At the same time mineral resources are handed over for a certain period only under a relevant permission -
on the basis of a license issued by the interdepartmental board operating at the Ministry for Protection of
Environment and Natural Resources. The validity of a license depends on the objectives of activities:

. For studies - 5 years;
. For mining and processing minerals - up to 20 years;
. For studies and mining - up to 25 years.

It is noteworthy that minerals may be used as a production subject regardless of the form of property. A
license for using minerals is granted through a tender or an auction. The amount of use tax and validity
of license are indicated. Under the "Tax code", taxes for using minerals are differentiated in accordance
with the kinds of mineral resources. For thermal waters it is 1-15%. A taxable object is the amount of
produced thermal water. To carry out business activities in the territory of Georgia, including usage of
mineral resources, it is necessary to obtain a permit at the Ministry for Protection of Environment and
Natural Resources.

The activities influencing environment are divided into four categories. Deep drilling for thermal waters
belongs to the activities of the first category. Generally, mining of mineral resources belongs to the
activities of the second category. Establishing norms of environmental protection is aimed at maintaining
an ecological balance. The process of giving permission for using minerals implies execution of
ecological examination. It allows establishing acceptable norms of effecting the environment. The
charges needed for ecological examination are paid by subject business activities.

The “Law on minerals” and the “Law on waters” govern protection, study and use of underground waters.
The latter establishes a procedure of formation of a water state foundation and its usage, measures to
prevent water depletion, procedure for allotting areas for sanitary protection of water reservoirs,
requirements for land cultivation in the water catchment’s area, etc.

The above-mentioned laws were published in the press, issued as brochures and are accessible for
everyone concerned (Tsersvadze,1998).

7. COST ESTIMATION

This chapter deals with the estimation of capital investment costs associated with the project. It also
addresses issues related to the estimation of operating costs of the energy production facilities involved.

7.1 Demand for heating and hot domestic water in Saburtalo 2001-2020 (baseline energy scenario)

The projection of energy demand depends, to a significant extent, upon the initial values of energy
consumption and reliable statistical data. The forecast of energy demand for space heating in Saburtalo
district was based on results obtained from a public opinion poll made in 1999-2000 during the heating
season, that gave quite a clear picture of the existing state of space heating.
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The state of the domestic hot water (DHW) demand was, however, not quite clear from the results of the
poll. For the purpose of this study, the forecast of DHW energy demand was based on additional
assumptions. It was assumed that during the cold period of the year (during the heating season) the
population would consume 100 1, and during the warm period 40 1 of 60°C hot water per person per week.
For water heating during the heating season mostly electricity and natural gas are used, and to a small
extent kerosene, firewood and liquid gas. During the warm period of the year, however, only electricity
and natural gas are used. The categorisation of DHW energy demand according to the income of the
residents was, however, not possible because of the absence of actual statistical data. Annual growth rates
of energy demand were determined for each type of fuel. The results are given in Table 3.

The forecast on energy demand for heating and domestic hot water in the Saburtalo pilot region 2001-2020
was made in three stages.

»  First, the energy demand was projected according to the growth rates presented in Table 3;

*  Second, the effect of fuel price and convenience was taken into account. It was assumed that during
the forecasted period, residents would gradually switch from inconvenient fuel (kerosene, liquid gas,
firewood, electricity) to the cheapest and most convenient (natural gas). The speed of fuel
replacement was selected according to a resident’s income level. For space heating it was assumed
that:

- In year one, some 5% of the total energy is generated from natural gas instead of expensive
fuel by the poor residents (income group 1);
- In the following years, it is equal to 10%.

v/ For income group 2 some 7.5% and 15%;

v For income group 3 some 10% and 20%;

v/ For income group 4 some 12.5% and 25%.
- As regards domestic hot water, the change of fuel (switching to natural gas) was assumed to
be 15% per year.
- According to these assumptions, only natural gas will be used both for space heating and
domestic hot water after the year 2008. Calculations showed that an annual increase of 5%
in income level against 1% increase in fuel cost was not sufficient to bring the consumption
level up to normal (or standard levels).

»  Third, it was assumed that people will continue to spend the same amount on energy for heating and
DHW after switching to the cheapest fuel. More energy would be purchased and energy demands
would reach normal levels.

TABLE 3: Annual growth rates for Saburtalo district of energy demand
on heating and hot water according to fuels

For space heating For hot water
Share in Growtl.l rate for Share in energy Growth
Fuel energy heating, % production rate for
production| Income group | Cold |Warm Total| MOt Water
% 1|21 3| 4 |period|period (%)
Electricity 25.72 5.3(4.913.9]13.5] 60.00 | 80.00 |75.67 5.7
Kerosene 27.89 5.214.813.9(3.4] 11.05 2.39 5.5
Natural gas 34.89 5.4(5.01 4.0 3.5 20.00 | 20.00 {20.00 5.9
Liquid gas 0.79 5.1{4.7) 3.8|3.4| 0.35 0.08 5.7
Firewood 10.72 0.5]10.0]-1.0]-1.5] 8.61 1.86 1.0
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The energy demand for 2001-2020, as regards heating and domestic hot water, is presented in Table 4.
As was mentioned above, significant changes have taken place in space heating during the current year.
This development is expected to continue. Thus, it will be necessary to correct the basic scenario to reflect
real conditions in the future.

TABLE 4: Annual energy demand on heating and hot water in Saburtalo district, GWh

Year| Electricity| Kerosene| Natural gas | Liquid gas| Firewood| Total
2001 16.8 3.08 14.3 0.13 1.61 3591
2002 15.68 1.12 35.23 0.08 1.23 53.34
2003 13.26 0.31 54.88 0.06 0.81 69.31
2004 10.35 72.64 0.47 83.45
2005 7.42 89.18 96.6
2006 4.22 99.65 103.87
2007 0.89 106.52 107.4
2008 110.61 110.61
2009 112.36 112.36
2010 114.2 114.2
2011 116.13 116.13
2012 118.16 118.16
2013 120.3 120.3
2014 122.55 122.55
2015 124.92 124.92
2016 127.42 127.42
2017 130.04 130.04
2018 130.56 130.56
2019 130.56 130.56
2020 130.56 130.56

7.2 Tariff policy
7.2.1 Purchasing power and tariffs

The determination of a tariff policy (whether variable or fixed) for geothermal energy with regard to
existing conditions in Georgia is a rather difficult problem that is dependent upon numerous economic,
social and environmental factors. The fact that existing heat supply systems have not been operated since
1993 creates a particular problem in establishing a tariff. It must be borne in mind that, as a rule, the
population uses individual devices for heat and hot water supply. Tariffs under the old Soviet system were
very low. The heating tariff was fixed relative to the number of square metres of floor area occupied by
each family. DHW tariff was determined on the basis of the number of family members.

In determining tariffs, the financial viability of the project should first of all be considered because it is
very important to the potential investor. The USA based Global Environment Facility (GEF) co-finances
investments made for environmental protection measures. This improves attainable economic viability
and promotes possibilities for financing the project.

Project earnings used in the financial analysis of the project are based upon the heat energy consumed (in
kWh). However, since it is impossible to record the precise amount of heat energy consumed by each
family in an apartment house, tariffs adopted will have to be combined (heat and DHW rates). The total
consumption by a whole apartment block can be accurately measured and recorded. The charges levied
on the apartment block must then be divided between the residents on the basis of square metres inhabited
by each family or according to the share of consumed heat recorded by thermal meters installed on the
radiators. The payment for hot water is possible to determine from the meters.
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7.2.2 Family expenditures on heating and domestic hot tap water

Approximately 50% of Georgian residents earn less than the minimum national monthly subsistence wage
(102 GEL). According to statistics, the situation is most serious in Tbilisi where the percentage is 57%.
The number of people earning less than 100 GEL a month increased from 24 to 27% in the past year. The
number of families earning less than 300 GEL per month (a family income below the poverty line),
increased by 1% in the past year. Such families still constitute a staggering 74% of the country’s total
number of households. In the past year, the number of families earning between 300 and 800 GEL a
month dropped from 19 to 17.5%. While poverty seems to have increased, so has the number of relatively
prosperous Georgians. Currently 7.4% of households in Georgia earn between 800 and 1,500 GEL per
month, up from last year’s 6.9 percent. The stratum of relatively wealthy families with a monthly income
of over 1,500 GEL accounts for 1.2% of the total number of households (data from Georgian Centre for
Strategic Research and Development, Human Development Report, in 1999)

A typical family’s annual expenditure on heating was calculated to analyse the viability of the project.
Comparison of these expenditures with the family’s income was expected to make it possible to estimate

approximately the purchasing power of the family.

The following parameters were used in the calculations:

* Heat load on space heating 64 - 68 W/m?
*  Norm of hot water 100 Vcapita;
* Cost of thermal energy 30 USD/MWh

Expenditures on domestic hot water and space heating were calculated separately. The dwelling area of
single-, double- and three-room flats used for the calculations are typical for the mentioned micro-district.
The number of residents in identical flats may be unequal. Taking into consideration the most realistic
distribution, we assume that from 1 to 4 residents live in a single-room apartment, from 2 to 5 - in a
double-roomed flat and from 3 to 6 in a three-roomed flat. The results of calculations are given in Tables
5-7.

TABLE 5: Dynamics of per capita monthly expenditures on hot water with time

Daily consumption | Monthly consumption | Hot water
Year of hot water of hot water cost
() (kWh) (kWh) (USD)
1 0 0 0 0
2 30 1.59 48.3 1.45
3 38 2.05 62.4 1.87
4 50 2.69 81.9 2.46
5 62 3.26 99.2 2.98
6 72 3.82 116.1 3.48
7 82 4.39 133.6 4.01
8 85 4.54 137.9 4.14
9 88 4.68 142.4 4.27
10 90 4.80 146 4.38
11 92 4.88 148.5 4.45
12 93 4.97 151.1 4.53
13 95 5.06 153.9 4.62
14 97 5.15 156.8 4.70
15 99 5.25 159.8 4.79
16-25 100 5.32 161.9 4.86
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TABLE 6: Dynamics of average monthly expenditures for space heating of single-, double- and
three-roomed flats with time

Year | Consumed heat for Average cost for space heating per month, (USD/month)
1m’space heating
during the season, | Im”*space| Single-room Double-room | Flat with three
(kWh) flat (30 m?) flat (50 m?) rooms (70 m?)
1 0 0 0 0 0
2 35 0.09 2.7 4.4 6.2
3 46 0.11 34 5.7 8.0
4 60 0.15 4.5 7.5 10.5
5 73 0.18 5.5 9.1 12.7
6 85 0.21 6.4 10.6 14.9
7 98 0.25 7.4 12.3 17.2
8 101 0.25 7.6 12.7 17.7
9 104 0.26 7.8 13.1 18.3
10 107 0.27 8.0 13.4 18.7
11 109 0.27 8.2 13.6 19.1
12 111 0.28 8.3 13.9 19.4
13 113 0.28 8.5 14.1 19.8
14 115 0.29 8.6 14.4 20.1
15 117 0.29 8.8 14.7 20.5
16-25 119 0.30 8.9 14.9 20.8

TABLE 7: Dynamics of family monthly expenditures for heating and domestic hot water with time

Expenses (USD)
Year Single-room flat Double-room flat Flat with three rooms
Residents Residents Residents
One |Two [Three|Four |Two |Three|Four [Five |Three|Four |Five |[Six

1 0 0 0 0 0 0 0 0 0 0 0 0
2 4.1 5.6 7.0 8.5 7.3 8.8 102 | 11.7 ] 10.6 | 12.0 | 13.5 | 149
3 5.3 7.2 9.0 | 109 95| 113 ] 132 | 151 | 13.6 | 155 | 174 ] 19.2
4 6.9 941119 | 143 | 124 | 149 | 173 | 198 | 179 | 20.3 | 22.8 | 25.3
5 84 | 114 | 144 | 174 | 151 | 18.0 | 21.0 | 24.0 | 21.7 | 24.7 | 27.6 | 30.6
6 98 | 134 | 16.8 | 203 | 17.6 | 21.1 | 246 | 28.1 | 254 | 28.8 | 32.3 | 35.8
7 114 | 154 | 194 | 234 ] 203 | 243 | 283 | 323 | 292 | 332 | 372 | 41.2
8 11.7 | 159 | 200 | 24.1 | 20.9 | 25.1 | 29.2 | 33.3 | 30.1 | 343 | 384 | 42.5
9 12.1 | 164 | 206 | 249 | 21.6 | 259 | 30.1 | 344 | 31.1 | 354 | 39.6 | 43.9
10 124 | 16.8 | 21.2 | 255 | 22.1 | 265 | 309 | 353 | 31.9 | 36.3 | 40.6 | 45.0
11 126 | 17.1 | 21.5 | 26.0 | 225 | 27.0 | 31.4 | 359 | 324 | 369 | 41.3 | 458
12 128 | 174 1 219 | 264 | 229 | 275 | 320 | 365 | 33.0 | 37.5 | 42.1 | 46.6
13 13.1 | 17.7 ] 223 | 269 | 233 | 28.0 | 326 | 372 | 33.6 | 382 | 42.8 | 47.5
14 133 180 ] 227 | 274 | 23.8 | 285 | 332 | 379 | 342 | 389 | 43.6 | 48.3
15 136 | 184 ] 232 | 28.0 | 242 | 29.0 | 338 | 38.6 | 349 | 39.7 | 445 | 493

16-25( 13.8 | 18.6 | 23.5 | 283 | 24.6 | 294 | 343 | 39.1 | 354 | 40.2 | 45.1 | 49.9

7.3 Operating costs

Main costs are electricity (for tap water), fuel (for heating), overhead costs and salary.

shown in Table 8.

The estimate 1s
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TABLE 8: Operating costs

Electricity| Fuel (gas)| Salary | Maintenance| Water | Other Total
Geothermal| 1,624,000 - 2,016,000 1,128,000 [354,000(1,880,000( 7,002,000
Combined | 1,624,000 | 6,730,000 | 2,400,000| 1,693,000 |354,000]2,821,000]15,622,000

8. ECONOMIC VIABILITY

In this chapter the financial viability of the project is addressed using economic criteria acceptable to
international financing institutions the world over. The most important of these are the Internal Rate of
Return (IRR) and the Present Value (PV) of the investment.

Calculations are based upon a 25-year operating time and the following premises:

* Discount rate 12%
* NPV for combined natural gas/geothermal alternative is USD15,787,000 (Appendix II, Table 1)
+ IRR=12%
* Financing schedule:
1. Geothermal tap water system installation 3,937,000 at the beginning of project;
2. Individual boiler installations 4,665,000 begins from 4th year of project, finishing at the end
of 9th year.

The results are given in Appendix II, Tables 1-2. They show that NPV for only geothermal tap water
supply is USD 11,718,000 and that the IRR for geothermally heated domestic hot tap water is 13%.

9. DISCUSSION AND CONCLUSIONS

The main advantages of choosing the combined geothermal and natural gas option may be summarised
as follows:

»  Payment ability of the customer is an important criterion bearing in mind existing social conditions.
This calls for a system that is very flexible in implementation. Individual boilers for heating and
DHW supply from a geothermal source best fulfill this criterion. Such boilers can be installed in
phase with heating demand, thus minimising capital investment and financial risks.

»  Purchasing power is another important criterion. It is, therefore, not considered prudent to opt for a
centralized geothermal heating plus DHW alternative in the beginning, even though the economic
prime cost per MWh of geothermal energy is quite low, because it requires more initial capital
investment and thus carries more risk in light of the current financial situation in Georgia.

*  This agrees with the result of a technical-economic assessment carried out by the World Bank (WB)
for 6 different Georgian cities. According to the WB estimate, the cost of heat supply from individual
gas-fired boilers would be 11% less per MWh than the cost of heat supply from a new geothermal
district heating system, even with zero fuel price (for example geothermal heat supply in our project).

*  Also, an important factor is the ratio between the length and spread of the network and heat loads.
A comparison between centralised and individual heating systems was specially addressed in the
World Bank Report using special software. The results revealed that decentralised heating systems
are viable, if the heating density per km of network length is less than 2 MW. Centralised heating
systems are, on the other hand, preferable if the heat density is greater than 5 MW/km. Heat density
in between these two limits needs special investigation. In the Saburtalo Pilot Region the total length
of'the net of the No. 1, 32 and 47 ThS operational zone is about 14 km and the total heat load is 49.39
MW. Specific load per km of the network is, thus, more than 3 MW. This case, therefore, falls in



Report 16 329 Vardigoreli

the last mentioned category. Improvements of the socio-economic conditions prevailing in the
country will change the picture and make a combined natural gas geothermal heating system feasible.

*  Operation of individual boilers for space heating only during the heating season decreases viability
and increases the prime cost per MWh heating energy up to 25 USD. In the pilot project, which is
the combination of a geothermal hot water supply and individual gas boiler heating, the prime cost
of energy per MWh is increased up to 20 USD (see Table 7). Simultaneously, the initial capital cost
increases by 4 million USD. The total annual cost of geothermal DHW and individual gas boiler
space heating equals 652 thousand USD. This is brought about by reducing natural gas use by 50%
and is also less than what the cost would be using natural gas only, i.e 804,000 USD. Another benefit
is a reduction in annual CO, emission by 8,387 tonnes.

»  Benefits for the Georgian Government will be twofold: a reduction in CO, emission, part of which
may be used as CO, credits, and increased use of indigenous geothermal resources instead of
imported natural gas.

Today’s situation in the Georgian energy sector is very serious. Steps must be taken for improvement.
This treatise deems the project technically feasible and economically viable, and that it should be
implemented. The implementation of this project will be the first step in restoring district heating and
supplying domestic hot water to Tbilisi.
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FIGURE 2: Annual CO, baseline emissions in Saburtalo (hot water), in thousand tons
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